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ABSTRACT
D uring  e a r ly  oogenesis in  Xenopus la e v is  about h a l f  o f  the  5S 
ribosom al RNA and most o f the t r a n s fe r  RNA produced i s  s to re d  i n  a 
r ib o n u c le o p ro te in  (RNP) complex th a t  sedim ents a t  428. The o th e r 
h a l f  o f the  58 RNA produced i s  s to re d  in  a separa te  78 RNP p a r t ic le .  
As ribosome p ro d u c tio n  g e ts  underway in  m id -oogenesis  both  the  428 
and 78 p a r t ic le s  d isappea r, the  58 rRNA be ing  in c o rp o ra te d  in t o  the  
ribosom es, the  tRNA be ing  re le a se d  as a s low er sed iraen ting  p a r t ic le .
H e te rogene ity  in  th e  co m p os itio n  o f the  428 p a r t ic le  was 
observed w ith  respec t to  both  p ro te in  and RNA components. The 
p ro te in s  o f th e  428 p a r t ic le ,  Mr 48000 (P48) and Mr 43000 (P43)
appear to  be c leaved to  s m a lle r p ro te in s .  A d e r iv a t iv e  o f P43 o f Mr 
17000 (P17) p o s s ib ly  becomes a ribosoraa l p ro te in .
8eve ra l o b se rva tio n s  a re  c o n s is te n t w ith  the  v iew  th a t  P43 mey 
accompany 58 RNA to  the  n uc le o lu s  be fo re  i t s  cleavage p roduc t (P17) 
becomes in c o rp o ra te d  in t o  the  ribosom e.
The chem ical and s t r u c tu r a l re la t io n s h ip s  o f P48, P43 and the
p ro te in  component o f the  78 RNP p a r t ic le ,  t r a n s c r ip t io n  fa c to r  I I I A  
Wd«. s tu d ie d  and i t  was e s ta b lis h e d  th a t  they are the  p roduc ts  o f 
th re e  d i f fe r e n t  genes. The 428 p a r t ic le  p ro te in s  have a ls o  been 
shown to  have a b in d in g  a f f i n i t y  f o r  58 RNA genes (P48), tRNA genes 
(P43) o r  ribosom al genes (P 43). In  v iv o  i n h ib i t i o n  o f  58 RNA 
t r a n s c r ip t io n  by an a n ti-P 4 8  a n tib o d y  o r tRNA t r a n s c r ip t io n  by an 
a n ti-P 4 3  an tib o dy  suggest th a t  these p ro te in s  may have a r o le  i n  the  
t r a n s c r ip t io n  o f these genes.
In te ra c t io n s  between P43 and tRNA genes were ana lysed in  most 
d e ta i l  and in d ic a t in g  a s p e c i f ic  in te r a c t io n  between these two 
components. Th r e s u lts  take n  as a w hole suggest a c e n tra l ro le  f o r  
428 p a r t ic le  p ro te in s  i n  p a r t ic u la r  P43, in  c o -o rd in a t in g  the  
fo rm a tio n  o f the  p ro te in  t r a n s la t io n a l  m ach inery.
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GENERAL INTROIXJCTIQIL
In  re c e n t ye a rs  many advances have been ach ieved i n  e lu c id a t in g  
th e  mechanism and c o n tro l o f e u k a ry o t ic  gene exp ress ion* Recombinant 
DNA techno logy and the  e x p lo i ta t io n  o f c e l l - f r e e  and in je c te d  l i v i n g  
systems have a s s is te d  in  d e f in in g  th e  processes in v o lv e d . I t  i s  now 
e v id e n t th a t  th e re  a re  maqy o p p o r te n t i t ie s  between the  i n i t i a t i o n  o f 
t r a n s c r ip t io n  and u t i l i z a t i o n  o f RNA o r p ro te in  p ro d u c ts  f o r  c o n tro l 
processes to  e x e r t  an e f fe c t  on the  e xp re ss io n  o f a gene.
E ukaryo tes c o n ta in  th re e  RNA polym erases, each o f which 
t ra n s c r ib e s  a subse t o f genes (1 ) .  RNA polymerase 1 i s  r e s is ta n t  to  
th e  fu n g a l to x in o < i-a m a n itin . I t  t ra n s c r ib e s  ribosom al RNA (rRNA) 
genes which are o rgan ized  as c lu s te r s  o f tandem re p e a ts  w i t h in  a 
n u c le o lu s  (2 ) .  Each re p e a tin g  u n i t  i s  t ra n s c r ib e d  in t o  a s in g le  
p re cu rso r RNA m o lecu le  th a t  i s  processed to  g iv e  the  m ature rRNA 
spec ies  o f 188, 5 .8 8  and 288.
RNA polymerase I I  i s  s p e c i f ic a l ly  in h ib i te d  by low le v e ls  o f 
<xf-am anitin. T h is  polymerase tra n s c r ib e s  p ro te in -c o d in g  genes to  
produce an mRNA m o lecu le  w hich becomes capped, p o lya d e n y la te d  and 
s p lic e d  to  remove in te rv e n in g  sequences (3 ,4 ) .  A lso  tra n s c r ib e d  by 
RNA polymerase I I  a re  the  ’ Ü’ spec ies  o f  sm a ll RNAs (4 ) .
RNA polymerase I I I  i s  in h ib i te d  o n ly  by h igh  le v e ls  o f 
o<-amanitin. T h is  polymerase i s  re s p o n s ib le  f o r  the  s y n th e s is  o f  58 
rRNA, tRNA and o th e r  sm a ll n u c le a r and c y to p la sm ic  RNAs (K ,L ,M ,4 .5 8  
RNA) (5 ,6 ) .  T h is  enzyme a ls o  t ra n s c r ib e s  two sm a ll RNAs encoded by 
the  adenov irus  2 genome (VAI and V A II)  (7 ) and two sm all RNAs
tra n s c r ib e d  by E p s te in -B a rr  v ir u s  (EBERI and EBERII) (8 ) ,
The polymerases o f e uka ryo tes , u n lik e  the  p ro k a ry o t ic  polymerase 
cannot recogn ize  d i r e c t ly  DNA sequences th a t  a c t as prom oters o f 
t r a n s c r ip t io n .  A d d it io n a l ( p ro te in )  fa c to rs  a re  re q u ire d . The 
sequences in v o lv e d  i n  the  c o n tro l o f t r a n s c r ip t io n  have been deduced 
by s tu d y in g  d e le t io n ,  in s e r t io n ,  s u b s t i tu t io n  and p o in t  m u ta tio n  
(8 ,1 0 -2 2 ) .  P rom oters o f re la te d  genes may c o n ta in  conserved 
sequences. For RNA polymerase I ,  consensus sequences a re  spec ies  
s p e c i f ic  (9) w ith  in v a r ia n t  n u c le o tid e s  i n  h ig h e r eukaryo tes  a t  
p o s i t io n  -16(G ) and -1 (T )  which in f lu e n c e  t r a n s c r ip t io n  co n s id e ra b ly  
(9 ) .  A TATA box and hom ologies to  * CCAAT* o r *GGGCOG* sequences a re  
found  in  th e  5* f la n k in g  sequences o f most RNA polymerase I I  genes. 
RNA polymerase I I I  t ra n s c r ib e d  genes shew hom ologies w i th in  th e  
in te r n a l  p r(m o to r o f these genes (23 ) and the  re g io n s  c o n ta in in g  the  
in te r n a l  prem otor a re  in te rc h a n g e a b le  (24) between genes tra n s c r ib e d  
by t h is  polymerase.
Crude e x tr a c ts  prepared from  e u k a ry o tic  c e l ls  c o n ta in  the  
e s s e n t ia l fa c to rs  re q u ire d  to  im p a rt s p e c i f ic i t y  to  t r a n s c r ip t io n  
(1 ,6 ,2 5 -3 0 ) ,  and a llo w  in  v i t r o  i n i t i a t i o n  a t  the  same s t a r t  s i te s  as 
are  used in  v iv o .  In  the  case o f RNA polymerase I  these fa c to r s  
c o n fe r spec ies  s p e c i f i c i t y  (2 5 ,2 6 ) .  Seme o f these fa c to r s  a re  
re q u ire d  f o r  a l l  p r (m o to rs  tra n s c r ib e d  by the  RNA polymerase 
(9 ,3 0 -3 4 ) .  S p e c if ic  fa c to r s  re q u ire d  by d i f fe r e n t  genes b in d  DNA 
sequences w i th in  th e  prcm otor re g io n s . P ro te c t io n  o f DNA from  
d ig e s t io n  ty  deoxyribonuc lease  a f t e r  p ro te in  b in d in g  (3 5 ), to g e th e r 
w ith  base m o d if ic a t io n s ,  have id e n t i f ie d  th e  sequences in v o lv e d  and 
th e  co n ta c t p o in ts  between fa c to r  and DNA, In  the  case o f Sp l, a
fa c to r  is o la te d  from  c u ltu re d  human c e l ls ,  the  p ro te in  b inds to  a 
21bp re p e a t upstream frcm  the prcm otor o f e a r ly  t r a n s c r ip t io n  i n  SV40 
( 36 ) .  F a c to rs  A and B is o la te d  from  D rosohoph ila  a re  re q u ire d  f o r  
RNA polymerase I I  t r a n s c r ip t io n  o f c e r ta in  genes i n  t h i s  organism . 
F a c to r B b inds  to  a 65bp re g io n  su rround ing  th e  s t a r t  p o in t o f
t r a n s c r ip t io n ,  in c lu d in g  th e  TATA box (3 7 ). F a c to r A b inds a 55bp
re g io n  upstream o f the  TATA box o f a gene e xp ress in g  a p ro te in  in  
response to  hea t shock, hsp 70 gene (3 8 ). Sequences in v o lv e d  in  
b in d in g  and th e  co n ta c t p o in ts  o f T F IIIA  to  the  5S RNA ^ n e  prom otor 
has been w e ll  c h a ra c te r iz e d  (3 9 ,4 0 ), as w e ll  as fa c to r  'Y  b in d in g  to
aW.tRNA 3 gene prom oter o f ye a s t (4 1 ).
The f u l l  complement o f t r a n s c r ip t io n  fa c to r s  re q u ire d  by an 
e u k a ry o t ic  RNA polymerase has been a s c e rta in e d  by ion-exchange 
chromatography o f crude c e l l  e x tra c ts .  RNA polymerase I  re q u ire s  as 
many as fo u r  f r a c t io n s  a f t e r  ion-exchange chromatography (4 2 ), RNA 
polymerase I I  re q u ire s  th re e  f r a c t io n s  a f t e r  ion-exchange 
chromatography (3 1 ,3 2 ,3 8 ,4 3 ) as does RNA polymerase I I I  (3 0 ,3 4 ). The 
b in d in g  o rd e r, complex s t a b i l i t y  and o th e r requ irem en ts  have been 
ana lyzed in  some d e ta i l  f o r  58 RNA genes (4 4 ),
A l l  th ree  d i f f e r e n t  types  o f RNA polymerase a re  in v o lv e d  in  the
fo rm a tio n  o f  ribosom es. N orm ally  th e re  i s  c o -o rd in a te d  a c t i v i t y  o f 
genes t ra n s c r ib in g  rRNA, 58 RNA and ribosom al p ro te in s  to  ensure th a t  
equal amounts o f  each component a re  produced. However, in  oocytes 
these d i f fe r e n t  t r a n s c r ip t io n a l  a c t i v i t i e s  a re  uncoupled, s e rv in g  to  
compensate f o r  the  v a s t ly  d i f f e r e n t  nunber o f genes a v a ila b le  (Table  
1 ) . Thus the  fo rm a tio n  o f 58 RNA (and tRNA) (45-48) and mRNA 
encoding ribosom al p ro te in s  (4 9 ), are  a c t i v i t i e s  th a t  occur e a r ly  in
TABLE 1
NUMBER OF GENES PRESENT IN OOCYTES 
AND SOMATIC CELLS OF XENOPUS LAEVIS
TYPE OF GENES
NUMBER OF GENES
OOCYTES SOMATIC CELLS
28S + 5.8S + 18S 2,000,000 1,000
5S RNA 96,000 48,000
tRNA ( t o t a l  o f  40 k in d s ) 32,000 16,000 .
oogenesis. In  e a r ly  ( p r e v ite l lo g e n ic )  oocytes up to  80% o f  the  t o t a l  
RNA c o n s is ts  o f 58 RNA and tRNA (46 ,5 0 ,51 ) and 10-20% o f the  10-168 
p o lyad e ny la te d  RNA encodes ribosom a l p ro te in  (5 2 ). Only d u r in g  
v i te l lo g e n s is  do v a s t numbers o f rRNA genes become f u l l y  a c tiv e  (53) 
so th a t  by the  end o f oogenesis a pp ro x im a te ly  equ im o la r amounts (10 
m o le cu les / o ocy te ) o f  each ribosom al component have been produced. 
Of course p ro d u c tio n  f ra n  the  non re ite r a te d  r - p r o te in  genes cu-e,, in  
e f f e c t ,  a m p lif ie d  th rough  the  a d d it io n a l s tep  o f t r a n s la t io n .
The 58 RNA and tRNA m o lecu les  s to re d  d u r in g  p re v ite l lo g e n s is  a re  
s ta b i l iz e d  th rough  t h e i r  a s s o c ia t io n  w ith  a s e t o f th re e  abundant 
p ro te in s  to  form  r ib o n u c le o p ro te in  (RNP) p a r t ic le s .  Both 58 RNA and 
tRNA m olecu les in te r a c t  w ith  two p ro te in s  o f m o le cu la r w e ig h t 48,000 
(P48) and 43,000 (P43) to  form  an RNP p a r t ic le  th a t  sedim ents a t  428
(4 6 ,5 4 ), whereas 58 RNA a lone in te r a c ts  w ith  a p ro te in  o f m o le cu la r 
w e ig h t 40,000 (P40) t o  form  an RNP p a r t ic le  th a t  sedim ents a t  78 
(5 5 ).
In  t h is  th e s is  I  have examined the  p o te n t ia l invo lvem en t o f 
these th re e  p ro te in s  in  c o -o rd in a t in g  the  a c t i v i t i e s  o f  58 RNA, tRNA 
and ribosom al RNA and t h e i r  p o te n t ia l invo lovem ent in  ribosome 
fo rm a tio n / s t ru c tu re ,  ro le s  w h ich  a re  c ru c ia l i n  fo rm in g  the  p ro te in  
s y n th e t ic  m achinery to  be used by the  deve lop ing  organism .
INTRODUCTION
P re v ite l lo g e n ic  oocytes  c o n ta in  la rg e  amounts (1o '^ m o lecu les) 
o f  58 RNA o f w hich o n ly  a sm a ll amount ( le s s  than  10% (4 6 ,4 7 ))  i s  
complexed i n  ribosom es. T h is  i s  because many o f th e  o th e r r ib o s œ ia l 
components are  no t p re sen t i n  s u f f ic ie n t  q u a n t i t ie s  a t  t h is  stage o f 
oogenesis (5 0 ,5 6 ). However i n  s a n a t ic  c e l ls ,  t h i s  s i t u a t io n  does n o t 
a r is e  and most o f the  58 RNA i s  found a sso c ia te d  w ith  ribosom es. In  
oocytes , th e  non-ribosom e-bound 58 RNA i s  n o t found  as f re e  RNA, bu t 
h a l f^  i s  recovered  in  a 78 p a r t ic le  i n  w hich the  58 RNA i s  a sso c ia te d  
w ith  a s in g le  p ro te in  (5 5 ,5 7 ) th e  o th e r h a l f  be ing  recovered  in  a 
h ig h  m o le cu la r w e ig h t complex sed im en ting  a t  428 w h ich  a ls o  c o n ta in s  
tRNA (46 ,54 ) in  a d d it io n  t o  p ro te in  components.
1:1 78 p a r t ic le s
A lthough 78 p a r t ic le s  (55) were d iscovered  s e v e ra l ye a rs  a f t e r  
428 p a r t ic le s  (4 6 ,5 4 ), much more i s  known about th e  components o f the  
s m a lle r p a r t ic le .
The b io c h o n ic a l and p h y s ic a l p ro p e r t ie s  o f th e  78 p a r t ic le  have 
been ana lysed in  d e t a i l .  The p a r t ic le s  c o n ta in  a pp ro x im a te ly  equal 
amounts o f  58 RNA and p ro te in  (5 5 ). The p a r t ic le  may be p u r i f ie d  by 
c e n t r i fu g a t io n  th rough  sucrose, by chromatography on ionr-exchange 
re s in s ,  o r by p re p a ra tiv e  e le c tro p h o re s is  (5 5 ). The p ro te in  m o ie ty  
may be p u r i f ie d  frcm  these p a r t ic le s  by d is s o c ia t io n  o f  the  RNA by 
io n ic  d e te rg e n ts  o r by r ib o  nuc l ease tre a tm e n t w h ich  le a ve s  the  
p ro te in  in  a p re c ip i ta te d  s ta te  (5 8 ). A s in g le  p ro te in  i s  re le ase d  
frcm  the  78 p a r t ic le s  w h ich  has a m o le cu la r w e ig h t o f 32000 i n  the
f is h  T inea t in e a  (5 7 ), and 40000 in  the  am phib ian Xenopus le a v is  (55) 
as measured by SDS ge l e le c tro p h o re s is .  More re c e n t ly ,  the  gene f o r  
X. la e v is  78 RNP p ro te in  has been cloned and th e  amino a c id  
co m p os itio n  and p rim a ry  sequence has been d e rive d  from  the  cloned DNA 
(5 9 ). The in te r a c t io n  o f 58 RNA w ith  the 78 p a r t ic le  p ro te in  has 
been probed us ing  a v a r ie ty  o f r ib o n u c le a se s , which to g e th e r w ith  the 
a b i l i t y  o f the  p ro te in  t o  recogn ise  he te ro logous  e u k a ry o t ic  58 RNA, 
suggests th a t  i t  can recogn ise  a g e n e ra lise d  e u k a ry o t ic  58 RNA 
s tru c tu re  (6 0 ,6 1 ).
A ro le  as a s to rage  p ro te in  f o r  the  78 p a r t ic le  p ro te in  i s  on ly  
one fu n c t io n  o f t h is  p ro te in .  I t  has been shown th a t  t h is  p ro te in  
s t im u la te s  t r a n s c r ip t io n  o f 58 RNA in  an in  v i t r o  system c o n ta in in g  
c loned 58 RNA genes and RNA polymerase I I I  (3 9 ,6 2 ,6 3 ). As a 
consequence, t h is  p ro te in  i s  known as t r a n s c r ip t io n  fa c to r  A fo r  RNA
polymerase I I I  o r T F IIIA  fo r  s h o r t.
1 :2  428 RNP p a r t ic le
428 RNP p a r t ic le s  a re  p u r i f ie d  by sucrose d e n s ity  c e n t r i fu g a t io n
(4 6 ,5 4 ). They c o n ta in  both RNA and p ro te in  w hich may be sepera ted by
io n ic  d e te rg e n ts , in d ic a t in g  th a t  they are h e ld  to g e th e r by weak
n on -co va len t bonds (6 4 ).
E le c tro p h o re t ic  a n a ly s is  o f the  p ro te in s  in  t h is  p a r t ic le  from  
X . la e v is  T . t in e a  and T r i tu r u s  c r is ta tu s  re v e a l two m a jo r p ro te in s  o f 
45 KDa (P45) and 39 KDa (P39) in  T .c r is ta tu s ,  48 KDa (P48) and 43 KDa 
(P43) in  X . la e v is .  and 50 KDa and 40 KDa in  T . t in e a  (6 4 ,6 5 ,5 7 ). 
A n a ly s is  o f the  m o la r r a t io s  o f tRNA and 58 RNA in  th e  p a r t ic le  by
g e l e le c tro p h o re s is  and ge l f i l t r a t i o n  th rough  Sephadex G-100 
re ve a le d  th a t  the  r a t io  was 3 f o r  tRNA/5S RNA, f o r  X . la e v is , T . t in e a  
and T .c r is ta tu s  (4 6 ,5 4 ,6 5 ). The m o la r r a t io  o f the  p ro te in  
components was found by e le c tro p h o re s is  to  be 2 m o lecu les o f P48 to  1 
m o lecu le  o f P43 in  X . la e v is . and th e  same r a t io  f o r  the e q u iv a le n t 
p ro te in s  i n  o th e r species (6 4 ,6 6 ).
The 428 p a r t ic le  may be d is s o c ia te d  us ing  h ig h e r s a l t  
c o n c e n tra tio n s  d u r in g  is o la t io n ,  w ith  a decrease in  the  428 peaks and 
a concom itan t in c re ase  in  peaks o f 258 and 158 w ith  an in c re a s in g  
s a l t  c o n c e n tra t io n . A l l  these peaks c o n ta in  the  same RNA and p ro te in  
components as the  428 peaks. These s low er sed im enting  p a r t ic le s  
re p re se n t d im ers and monomers o f  the  components o f the  428 p a r t ic le ,  
which i s  a te tra m e r o f the  158 monomer (5 1 ,5 7 ,6 4 ,6 6 ).
No r o le  o th e r than  th e  s to rage  o f 58 RNA and tRNA to  p reven t 
d e g ra d a tio n  o f  these RNAs has been proposed f o r  t h is  p a r t ic le ,  
a ltho u gh  i t s  a b i l i t y  to  a f fe c t  t r a n s c r ip t io n  o f 58 RNA genes was 
te s te d  bu t y ie ld e d  no p o s it iv e  r e s u l t  (6 2 ).
1 :3  Ribosomes
Ribosomes from  e u k a ry o t ic  c e l ls  a re  composed o f fo u r  d i f f e r e n t  
RNA m o lecu les  (w ith  se d im e n ta tio n  va lu es  o f  58, 5 .8 8 , 17-188 and 
2 5 -28 8 ), and about 70-80 d i f f e r e n t  p ro te in s .  T he re fo re , the  
fo rm a tio n  o f ribosom es i s  a ve ry  complex process w h ich  re q u ire s  a) 
th e  synchron ised  p ro d u c tio n  o f a l l  ribosom al c o n s t itu e n ts  and th u s  a 
h ig h ly  co o rd in a te d  e xp re ss io n  o f a la rg e  number o f genes; b ) the  
assembly o f the  v a r io u s  components in t o  p re ribosom a l p a r t ic le s  i n  an
ordered  fa s h io n , and c ) subsequent p rocess ing  o f the  preribosom es 
in t o  m ature ribosom al s u b u n its  in  a ve ry  accura te  way ( 6 7 , 68 ) .
R e g u la tio n  o f the  s y n th e s is  o f ribosomes occurs  both  a t  the  
le v e l o f  t r a n s c r ip t io n  and a t  the  le v e l o f assembly and p ro cess in g . 
The l a t t e r  type o f re g u la t io n  i s  p a r t ic u la r ly  im p o rta n t i n  s i tu a t io n s  
where the  grow th o f c e l ls  i s  s low ing  down o r where th e re  i s  an 
unbalanced p ro d u c tio n  o f the v a r io u s  ribosom al c o n s t itu e n ts .  In  
cases o f  an in s u f f ic ie n t  supp ly o f one o r more o f the  ribosom al 
c o n s t itu e n ts ,  ir r e s p e c t iv e  o f w h ich , the  excess o f the o th e r 
rib o son  a l c o n s t itu e n ts  i s  e lim in a te d  (6 9 ,7 0 ).
A pp a re n tly , riboscxnal (p re c u rs o r )  RNA and ribosom al p ro te in s  a re  
degraded i f  they are not p rom p tly  assembled and processed in t o  m ature 
ribosom es. Under balanced grow th  c o n d it io n s , however, th e re  i s  
l i t t l e ,  i f  a ry , d eg ra d a tio n  o f  a ry  o f the  ribosom al c o n s t itu e n ts ,  a t  
le a s t  i n  so f a r  as t h i s  has been examined. There fo re  th e re  must be 
an a lm ost p e r fe c t ly  balanced s y n th e s is  o f a l l  ribosom al components, 
most l i k e l y  by a c o o rd in a te  c o n tro l o f t r a n s c r ip t io n  o f the  ribosom al 
genes (4 6 ,7 1 ). T h is  c o o rd in a te  s y n th e s is  o f the  ribosom al components 
i n  euka ryo tes  i s  the  more rem arkable  as th re e  d i f f e r e n t  k in d s  o f RNA 
polym erases a re  in v o lv e d  i n  th e  t r a n s c r ip t io n  o f the  ribosom a l genes. 
The ribosom al p ro te in  genes a re  tra n s c r ib e d  by RNA polymerase I I ,  the  
genes coding f o r  17-188, 5 .8 8  and 25-288 rRNA form  a t r a n s c r ip t io n a l 
u n i t  w hich i s  tra n s c r ib e d  by RNA polymerase I  and 58 rRNA is  
syn th e s ise d  s e p a ra te ly  by RNA polymerase I I I .
In  XenoDus oocytes however, c o o rd in a te  s y n th e s is  o f ribosom al 
components does n o t take  p lace d u r in g  e a r ly  oogenesis (5 3 ). Ins te a d , 
58 RNA (and tRNA) a re  syn th e s ise d  in  va s t amounts d u r in g  the  
p re v ite l lo g e n ic  s tages . T h is  s y n th e s is  does no t r e ly  on 
a m p li f ic a t io n  o f 58 RNA genes. T h is  i s  no t the  case f o r  the  188, 
5 .8 8  and 288 rRNA genes. The genes coding f o r  these rRNAs a re  
s e le c t iv e ly  a m p lif ie d  d u r in g  e a r ly  oogenesis (7 2 ,7 3 ). T h is  r e s u lts  
i n  the  oocyte becoming p o ly p lo id  f o r  these rRNA genes, but rem ains 
te t r a p lo id  f o r  the  r e s t  o f the  genome. These a m p lif ie d  genes a re  
o rgan ised  in t o  extrachrom osom al n u c le o li w hich a re  v is ib le  i n  the  
germ ina l v e s ic le  in  c y to lo g ic a l p re p a ra tio n s . These n u c le o l i
fu n c t io n  in d e p e n d e n tly  o f the  chromosomes (7 4 ).
In  t h is  s e c tio n  o f the  th e s is  I  examine the  re la te d n e s s  o f the  
p ro te in  components o f the  428 RNP and 78 RNP p a r t ic le s ,  t h e i r  
in te r a c t io n  w ith  58 RNA and tRNA, and t h e i r  s to rage , d is t r ib u t io n  and 
u t i l i s a t i o n  d u r in g  oogenesis The key even ts  in  ribosom e
syn thes is /assem b ly  are  la r g e ly  unknown in  euka ryo tes  (7 5 ), bu t due to
th e  v a s t amount o f ribosom e s y n th e s is  th a t  takes p lace d u r in g  
oogenesis and the  uncoupled p ro d u c tio n  o f  d i f fe r e n t  ribosom al 
components (5 8 ,4 9 ), oocytes o f f e r  a system in  w h ich  ribosome assembly 
may be s tu d ie d . In  t h is  s e c tio n  I  a lso  examine the  p o te n t ia l
invo lvem ent o f the  428 p a r t ic le  p ro te in s  in  ribosom e assembly.
MATERIALS AND METHODS
1:4  F ra c t io n a t io n  o f homogenates o f  Xenopus Oocytes
For p re v ite l lo g e n ic  ova ry , fem ale Xenopus la e v is  were rea red  in  our 
la b o ra to ry  and used a t  3-6 months postm etam orphosis. Mature w ild  
Xenopus were ob ta ined  from  Xenopus L td , R e d h il l,  S urrey .
R outine p re p a ra tio n  o f 428 and 78 p a r t ic le s  f o r  p re p a ra tiv e  and 
a n a ly t ic a l purposes was from  p re v ite l lo g e n ic  ova ry , w h i ls t  ribosom es 
were r o u t in e ly  prepared frcm  m ature ovary. The procedure i s  o u t l in e d  
below.
Ovary was d is s e c te d  frcm  young o r mature Xenopus la e v is . I f  
necessary, oocytes were re le a se d  frcm  o v a r ia n  t is s u e  by s t i r r i n g  f o r  
2 h r a t  2 0 *C in  the  s o lu t io n  0R2 minus C a^ (82.5mM NaCl, 2.5mM KCl, 
ImM MgClj., ImM Na^HPO^, 5mM HEPES, 0.05% p o ly v in y lp y r ro lid o n e ,  3.8mM 
NaOH pH7.8) (7 6 ), p lu s  0.2% co llagenase  (Sigma, type IV ) .  Released 
oocytes  o r o v a r ie s  were washed f re e  o f co llagenase  in  th re e  changes 
o f  20 v o l 0R2 minus Ca^ '*’, then  in  th re e  changes o f 20 v o l m o d ifie d  
B a rth s  s o lu t io n  (88mM NaCl, ImM KCl, 2.4mM NaHCO^, 0.82mM Mg80^.7 H% 
0, 0.33mM Ca(N03 )a. . 4  Ha.0, 0.4lmMCaC1^.6 H^ ^O, 7.5mM T ris -H C l pH 7 .6  
p lu s  5 u n i ts  o f p e n c i l l in ,  s tre p to m y c in  and kanam ycin /m l) (53) and 
grouped in t o  developm enta l s tages as desc ribe d  by Dumont (7 7 ). 
O varies o r staged oocytes were washed in  m o d if ie d  B a rth s  s o lu t io n ,  
and, i f  re q u ire d  la b e l le d  w ith  0 .4 ra C i/m l^H -u rid in e  (27C i/m M ol), fo r  
18hrs a t  20*0 o r 0 .15m C i/m l ^^8 -cys te in e  (lOOOCi/mMol), 0.15m Ci/m l. 
^ ^ m e th io n in e  (lOOOCi/mmol), lO uC i/m l C-amino a c id s  (50Ci/mmol) o r 
^ -p h o s p h a te  (500uC i/m l) ( a l l  Amersham in te r n a t io n a l) ,  f o r  fo u r  days
a t  2 0 *C in  m o d if ie d  B a rth s  s o lu t io n .  Hom ogenization was in  b u f fe r  A 
(50mM NaCl, lOmM T r is -H C l, pH 7 .4 , 5raM MgCl^^ and 5mM 
2-m eroap toe thano l) c o n ta in in g  8.5% (w /v ) )  sucrose as described
p re v io u s ly  (7 8 ) .  The homogenate was c la r i f i e d  by c e n t r i fu g a t io n  a t  
lOOOxg f o r  30 m ins a t  2*C o r p e l le ts  were c o lle c te d  by d i f f e r e n t ia l  
c e n t r i fu g a t io n ,  us ing  a S o rv a ll HB-4 ro to r ,  a t  lOOxg f o r  5 m in 
( P e l le t  1 ) ,  3000xg f o r  10 m in ( P e l le t  2 ) and lOOOOxg f o r  10 m in 
( P e l le t  3 ) .  Each o f the  p e l le ts  was ra is e d  i n  2ml o f b u f fe r  A and 
re c e n tr ifu g e d  as b e fo re . The lOOOOxg supe rna tan ts  were la y e re d  on 
15-40% sucrose g ra d ie n ts  made up i n  b u f fe r  A. A f te r  c e n t r i fu g a t io n  
a t  21500 rpa f o r  17 h r  a t  2®C in  an MSE 6x14 ml T i r o to r ,  o r 23000 
rpn f o r  18 h r  a t 2*C i n  an MSE 6x35 ml T i r o to r ,  f r a c t io n s  c o n ta in in g
80S ribosom es, 428 RNP, o r 78 RNP p a r t ic le s  were c o lle c te d .  A l l
s u b - c e l lu la r  f r a c t io n s  were p re c ip i ta te d  w ith  2 v o l e th a n o l and 
s to re d  a t  -20*C  o v e rn ig h t o r f ro z e n  w ith o u t p r e c ip i ta t io n  a t  -2 0 *  C 
u n t i l  re q u ire d .
1:5 P re p a ra tio n  o f l i v e r  c e l l  ribosom es
L iv e rs  removed from  young fem ale Xe nopus were d ice d  fo llo w e d  by 
hcm ogen iza tion  in  b u f fe r  A p lu s  0.02mM PM8F. The homogenate was spun 
a t  lOOOOxg f o r  20m ins. The supe rna tan t was removed and spun a ga in  a t  
lOOOOOxg f o r  3h rs  t o  p e l le t  ribosom es. The p e l le t  was resuspended in  
b u f fe r  A and la y e re d  on to  a 15-40% (w /v ) sucrose g ra d ie n t i n  b u f fe r  
A and spun a t  23000 rpra f o r  I8 h r  a t  2°C in  an M8E 6x35ml T i r o to r .
The 808 peak was c o lle c te d  and p re c ip i ta te d  w ith  2 volumes o f e th a no l
a t  -20*C .
1:6 EDTA and s a l t  d is s o c ia t io n  o f 42S r ib o n u c le o p ro te in  p a r t ic le s  and 
ribosom es
About 2 Ag_g^  u n i ts  o f  428 r ib o n u c le o p ro te in  p a r t ic le s  and 
ribosom es c o lle c te d  f ra n  sucrose g ra d ie n ts  were p e l le te d  by 
c e n t r i fu g a t io n  a t  llOOOOxg f o r  6 h r  a t  2°C,  For EDTA d is s o c ia t io n ,  
the  p e l le t  was resuspended i n  b u f fe r  B (30mM NaCl, lOraM T r is -H C l, pH 
7 .4 ,  5mM EDTA, 5mM 2 m ercap toe thano l) and c e n tr ifu g e d  a t  13400xg f o r  
2 m in to  ranove in s o lu b le  m a te r ia l.  The supe rna tan t was la y e re d  on 
15-40# (w /v ) sucrose g ra d ie n ts  made up i n  b u f fe r  B and c e n tr ifu g e d  in  
an MSE 6x14 ml T i r o to r  a t  36000 rpm fo r  42 h r  a t  2*C. Peak
f r a c t io n s  were c o lle c te d ,  p re c ip i ta te d  o v e rn ig h t w ith  2 v o l e th a no l 
a t  -2 0 *  C and ana lysed  f o r  p ro te in  and RNA c o n s t itu e n ts  by 
e le c tro p h o re s is .
For s a l t  d is s o c ia t io n ,  is o la te d  428 r ib o n u c le o p ro te in  p a r t ic le s
o r ribosom es were d ia ly z e d  a g a in s t b u f fe r  C (0.5M NaCl, lOmM
T ris -H C l, pH 7 .4 ,  2mM MgCl^, 5raM 2 m ercap toe thano l) and la y e re d  on
15-50# (w /v ) sucrose g ra d ie n t made up i n  t h i s  same b u f fe r .  A f te r
c e n t r i fu g a t io n  a t  38000 rpm in  an MSE 6x14ml T i r o to r  f o r  20 h r  a t  2" 
C (428 p a r t ic le s ) ,  o r 16000 rpm in  a 6x35 ml T i r o to r  f o r  16 h rs  a t  
2 0 *C (ribo so m e s), the  peak f r a c t io n s  were re ta in e d  f o r  fu r th e r  
a n a ly s is .
1 :7  P re p a ra tio n  o f n u c le o l i  from  Xenopus ovary .
The ovary used was ta ke n  from  a fem ale X . la e v is  c o n ta in in g  
m a in ly  stage 2 oocytes. The ovary was homogenised i n  5ml o f b u f fe r  A 
p lu s  8 .6# sucrose. The homogenate was la y e re d  over a 15# sucrose in
b u f fe r  A and spun in  S o rv a ll HB-4 r o to r  a t  1000 rpu f o r  10 rains. A 
la rg e  w h ite  p e l le t  was o b ta in e d  w hich  con ta ined  n u c le o l i  (as judged 
by phase c o n tra s t m ic ro sco p y ). The p e l le t  was resuspended in  b u f fe r  
A p lu s  8 ,6# sucrose and la y e re d  over a 5ml, 40# sucrose p lus  3ml 75# 
sucrose s tep  g ra d ie n t i n  b u f fe r  A. T h is  was spun in  a S o rv a ll HB-4 
r o to r  a t  10000 rpm f o r  20 rains. A crude p re p a ra tio n  o f N u c le o li was 
o b ta in e d  fre'm the  m a te r ia l taken  o f f  the 40#/75# sucrose in te r fa c e .  
T h is  m a te r ia l was p re c ip i ta te d  w ith  2 volumes o f e th a no l a t  -20*C .
1 :8  P ro te in  and RNA p o lyac ry lam id e  g e l e le c tro p h o re s is .
For p ro te in  a n a ly s is  and p re p a ra tio n , SDS-polyacrylam ide ge l 
e le c tro p h o re s is  was used a cco rd in g  to  the  m o d if ie d  method o f Laemmli 
(6 6 ,8 0 ). P ro te in s  were a p p lie d  to  v e r t ic a l  s labs  o f 12# 
p o lya c ry la m id e , 180x200x1 mm, and ru n  a t  200 V f o r  20 h r .
For RNA a n a ly s is  and p re p a ra tio n , the  d e n a tu rin g  system o f 
Loening (81) was used w ith  7 .5# p o lya c ry la m id e , 90x3 mm diam. tube 
g e ls  o r 3-15# o r  10# p o lya c ry la m id e  s la b  g e ls . Tube g e ls  were run  a t  
18 mA f o r  2 .5  h r , s la b  g e ls  a t  180 V fo r  4 .5  h r .
P ro te in  g e ls  were s ta in e d  w ith  e i th e r  Coomassie b r i l l i a n t  b lue 
(66) o r s i lv e r  s a lts  (8 2 ). RNA tube g e ls  were scanned a t  254nm us ing  
a Joy c e -Lobe 1 scanner a nd /o r s i lv e r  s ta in e d . RNA s la b  g e ls  were 
s ta in e d  w ith  a c r id in e  orange (1 5 u g /m l).
P ro te in  and RNA were recovered  frcm  p re p a ra tiv e  g e ls  (66) by 
s ta in in g  a s t r ip  o f  the  p re p a ra tiv e  tra c k  to  lo c a te  the p ro te in  o r 
RNA band o f  in te r e s t  the n  rem oving th e  rem ainder o f the  band from  the 
p re p a ra tiv e  t ra c k  and e lu t in g  w ith  an e lu t io n  b u f fe r  f o r  l6 -2 4 h rs .
bE lu t io n  b u f fe r  f o r  p ro te in s  was 0.1M NaCl, lOmM T r is -H C l, pH7.4, 2mM 
MgCl^, 5mM 2-m ercap toe thano l and 1# SDS. For RNA e lu t io n s  th e  b u f fe r  
was 0.3M Sodium a c e ta te , pH7.4, 1# SDS.
IW o-d im ensional e le c tro p h o re s is  o f  ribosom al p ro te in s  was 
c a r r ie d  o u t as d esc ribed  (5 2 ) .  B r e i f ly  ribosom al p ro te in s  were 
e x tra c te d  i n  67# a c e t ic  a c id , d ia ly z e d  a g a in s t 1# a c e t ic  a c id  th e n  
ly o p h i l iz e d .  The f i r s t  d im ension s e p a ra tio n  was e s s e n t ia l ly  as 
desc ribe d  by G oren s te in  and Warner (2 0 2 ), in  2 .5  x 120mm tube g e ls . 
The second d im ension was c a r r ie d  o u t on a 15# p o lyac ry lam id e  s la b  ge l 
as described  above.
13.^lo d in a t io n  o f RNA f r a c t io n s  us ing  Na I  was c a r r ie d  o u t by Dr. 
J . Som m erville  as described  p re v io u s ly  (8 3 ).
1 :9  E le c t r o t ra n s fe r  o f p ro te in s  to  n i t r o c e l lu lo s e  paper.
A p iece o f n i t r o c e l lu lo s e  (0.2:^um pore s iz e )  was cu t to  cover 
the  area o f po lyac ry lam id e  g e l to  be tra n s fe r re d .  The n it r o c e l lu lo s e  
was pre-soaked i n  t r a n s fe r  b u f fe r  (192mM g ly c in e ,  50mM T r is ,  20# 
m ethanol) (8 4 ), then  p laced over the  po lyac ry lam ide  g e l and a i r  
bubbles removed th a t  were trapped  between f i l t e r  and g e l.  The f i l t e r  
and g e l,  sandwiched between 'S c o tc h -B r ite *  pads and h o ld e rs  was 
p laced  in  a c e l l  c o n ta in in g  t r a n s fe r  b u f fe r  ( f i l t e r  a t  the  anode 
e le c tro d e ) .  T ra n s fe r was c a r r ie d  o u t a t  30V, 0.1 A f o r  I6 h rs .
1:10 R N A-pro te in  b in d in g  s tu d ie s
1X6^1. In  s o lu t io n  I  la b e l le d  RNA (0 .2 -0 .4 / ig )  was mixed w ith  excess 
denatured p ro te in  ( 2 - 4 ^ )  in  0 .5m l b u f fe r  D (0.2M NaCl, lOmM
T ris -H C l, pH 7 .4 ,  2mM MgClj,, 5mM 2-m ercap toe thano l) p lu s  1# (w /v )
SDS, The SDS was removed by d ia ly s is  a g a in s t b u f fe r  D over a p e r io d  
o f  24 h r  to  a llo w  g radua l re n a tu ra t io n  (6 6 ). Any R N A-prote in  
complexes form ed were f ix e d  w ith  3.5# n e u tra lis e d  form aldehyde and 
ana lysed  on CsCl d e n s ity  g ra d ie n ts .
2 . F i l t e r  h y b r id iz a t io n .  N it ro c e llu lo s e  c o n ta in in g  t ra n s fe r re d  
p ro te in  was tre a te d  as d esc ribe d  f o r  DNA b in d in g  (8 5 ). B r ie f ly ,  the  
t ra n s fe rs  were washed f o r  I h r  i n  200ml o f a s o lu t io n  c o n ta in in g  4M 
urea, 50mM NaCl, 2mM EDTA, O.IraM d i t h io t h r e i t d l ,  lOraM T r is -H C l, pH 7.
A f te r  th ree  washes, 20 m in each, in  s tandard  b in d in g  b u f fe r  (50mM 
NaCl, IraM EDTA, 10mM T r is -H C l, pH 7» 0.02# bovine  serum a lbum in,
0.02# F ic o l l  (P harm acia ), 0.02# p o ly v in y l  p y r ro lid o n e ) , the  t ra n s fe rs  
were re a c te d  w ith  0.1 yug (~4x10 ^  co un ts /m in ) '^*1  la b e lle d  58 RNA and 
200ug c o ld  h ig h  Nt* RNA i n  5ml s tandard  b in d in g  b u f fe r  f o r  I h r  a t  18*
C. The t ra n s fe rs  were then  washed th re e  tim es , 20 m in each, in  
s tandard  b in d in g  b u f fe r  and d r ie d  f o r  a u to ra d iog ra p hy .
High Mr RNA used to  b lo c k  n o n -s p e c if ic  b in d in g  was c o lle c te d  as 
f lo w  th rough from  t o t a l  RNA e x tra c te d  frcan Xenopus ovary (86) a p p lie d  
t o  a column o f Sephadex G-100 (Pharm acia) in  lOmM T r is -H C l, pH 7 .5 ,
ImM EDTA. T h is  f r a c t io n  c o n ta in s  m a in ly  288 p lu s  188 RNA w ith  about II
2# p o lyad e ny la te d  RNA, bu t no d e te c ta b le  58 RNA o r tRNA. j
!
1:11 D e te rm in a tio n  o f bouyant d e n s ity  j
Ï
Form a ldehyde-fixed  m a te r ia l was analysed on 25-60# (w /v ) Î
Ipreform ed CsCl g ra d ie n ts  c o n ta in in g  lOmM potassium  phosphate b u f fe r ,  I
I
pH 7 .2 ,  3 .6# n e u tra lis e d  form aldehyde and 0.1# NP40 (6 6 ,8 1 ,8 7 ). The |
R N A :pro te in  r a t io  i n  peak f r a c t io n s  was c a lc u la te d  a cco rd in g  to  
S p ir in  (8 8 ), M o le cu la r co m p os itio n  was based on Mr va lu e s  f o r  58 RNA 
and tRNA o f 40000 and 25000 re s p e c t iv e ly .
1:12 Chemical a n a ly s is
For amino a c id  a n a ly s is ,  e le c tr o p h o r e c t ic a l ly  p u r i f ie d  
p o ly p e p tid e s  were prepared frcxn RNP p a r t ic le s  as desc ribe d  above, 
d ia ly z e d  e x te n s iv e ly  a g a in s t d i s t i l l e d  w a te r and hyd ro lyze d  in  6N 
H Q , 0.1M th io g ly c o l ic  a c id  a t  110*C f o r  24 h r  under an atmosphere o f 
Njj_, The re s id u e s  were analysed us ing  an a u tm a te d  s in g le -c o lu m n  
a n a ly s e r.
For cyanogen bromide cleavage p a tte rn s  the  e le c tr o p h o r e c t ic a l ly  
p u r i f ie d  p o ly p e p tid e s  were d is s o lv e d  in  70# ( v /v )  fo rm ic  a c id  and 
in cu b a te d  w ith  a 100 m o la r excess o f  CNBr a t  20*C f o r  48 h r . The 
cleavage p roduc ts  were p re c ip i ta te d  w ith  3 v o l e th a no l a t  -20*’ C 
o v e rn ig h t and th e  d r ie d  p e l le t s  were ra is e d  in  e le c tro p h o re s is  sample 
b u f fe r  and a p p lie d  to  a 20# 8D8 p ro te in  ge l as (tescribed  above.
E le c tro p h o re s is  was a t  150 V fo r  16 h r . P o lypep tide  fragm ents were 
lo c a te d  by s ta in in g  th e  ge l w ith  s i lv e r  s a lts  as above.
1:13 A n tib o d ie s
A n tib o d ie s  were ra is e d  a g a in s t e le c t r o p h o r e c t ic a l ly  p u r i f ie d  P48 
and P43 by re c o n s tru c t in g  RNP complexes as fo l lo w s .
I s o la t io n  o f 428 RNP o r 78 RNP p ro te in s
G ra d ien t f r a c t io n s  c o n ta in in g  428 RNP and 78 RNP p a r t ic le s  were 
p re c ip i ta te d  w ith  2 volumes o f  100# e th a n o l a t  -20*C  o v e rn ig h t. 
P re c ip ita te s  were c o lle c te d  by c e n t r i fu g a t io n  a t  8000 rpn (lOOOOxg) 
f o r  30 m in i n  a 8 o r v a l l  HB4 r o to r .  The p e l le ts  were then  vacuum 
d r ie d  and ra is e d  in  8D8 sample b u f fe r .  The p ro te in s  were b o ile d  f o r  
5 m in be fo re  a p p ly in g  to  a 12# p o lyac ry lam id e  ge l as described  in  
8 e c t io n  1 .8 . p re p a ra tiv e  purposes, the  w e lls  i n  the  g e l were made 
40mm w ide . The p ro te in s  were lo c a te d  by c u t t in g  a s t r ip  frcm  the
s ide  o f the  p re p a ra tiv e  t ra c k  and s ta in in g  i n  Coomassie b lu e . Gel 
s l ic e s  c o n ta in in g  P48, P43 and P40 were cu t o u t, minced in t o  sm all
p ie ces , and fro z e n  o v e rn ig h t a t  -2 0 * C. To the  fro z e n  fragm en ts , 1 ml 
o f e lu t io n  b u f fe r  c o n ta in in g  1# 8D8, 0.1M NaCl, 2raM MgCl^, 5mM 
2 -m e rca p to e th a no l, lOmM T r is -H C l, pH 7 .4  was added and p ro te in  was 
a llow ed  to  d if fu s e  out f o r  24 h r  a t  2 0 *C.
I s o la t io n  o f 58 RNA and tRNA
P re c ip ita te d  428 RNP p a r t ic le s  were ra is e d  i n  a s o lu t io n  
c o n ta in in g  100 / ig /m l p ro  tease K, 1# s a rk o s y l,  20mM EDTA, 50mM 
T r is - H Q , pH 8 .4 ,  p re incu b a te d  a t  20’ C f o r  30min. A f te r  a 1-2 h r 
in c u b a t io n  a t  room tem pera tu re , 1/10 volume o f 0.3M NaQ was added. 
T h is  was fo llo w e d  by a p h e n o l/ch lo ro fo rm  e x tr a c t io n  and e th a n o l 
p r e c ip i ta t io n  a t  -2 0 * C o v e rn ig h t.
The RNA p re c ip i ta te  was spun down, vacuum d r ie d  and ra is e d  in  
1 /3  s tre n g th  Loening RNA e le c tro p h o re s is  b u f fe r .  The RNA was a p p lie d  
t o  a 10# RNA ge l as desc ribe d  above, in  a 30 x 10 x 1mm p re p a ra tiv e
c.'
t ra c k .  The 5 S RNA and tRNA were lo c a te d  as described  f o r  p ro te in ,  
excep t the  s ta in  used was 5>ug/^l e th id iu m  brcanide. E lu t io n  was the  
same as f o r  p ro te in ,  except the  e lu t io n  b u f fe r  was 1# SDS, 0 ,6  M 
Sodium a ce ta te , pH 7 .5 .
R a is in g  o f  a n tib o d ie s
A n tib o d ie s  were ra is e d  a g a in s t e le c t r o p h o r e c t ic a l ly  p u r i f ie d  P48 
and P43 by re c o n s tru c t in g  RNP complexes as described  in  s e c tio n  1 :10 , 
bu t us ing  equ im o la r amounts o f p ro te in  and tRNA. The re c o n s t itu te d  
RNPs were in je c te d  in  100-200 / ig  amounts as m u lt ip le  em uls ions in t o  
ra b b its  (7 8 ). A n tib o d ie s  were ra is e d  a g a in s t P40 by is o la t in g  7S RNP 
p a r t ic le s  from  p re v ite l lo g e n ic  ovary as described  above. The 7S RNP 
peak was p u r i f ie d  by re c e n t r i fu g a t io n  th rough  a second sucrose 
g ra d ie n t,  and t h i s  n a tu ra lly - fo rm e d  RNP complex was used as a n tig e n . 
P40 was the  on ly  p o ly p e p tid e  seen in  s ta in e d  p ro te in  g e ls  us ing  t h i s  
p re p a ra tio n . In  no in s ta n c e  were a n tib o d ie s  d e te c ted  th a t  re a c te d  
w ith  the  RNA component.
1:14 R adio im m unosta in ing and radioimmunoassays
P o lype p tide s  (te rive d  from  428 and 78 RNP p a r t ic le s  were 
sepera ted  on 12# p o lyacry lam ide-8D 8  g e ls  as d esc rib e d  above, and 
e le c t r o p h o r e c t ic a l ly  t ra n s fe r re d  t o  n i t r o c e l lu lo s e  paper (S c h le ic h e r 
and S c h u e ll, BA 83, 0 .2  /m  pore s iz e )  in  192 mM g ly c in e ,  50mM T r is ,  
20# methanol a t  pH 8 .3  (8 4 ) .  T ra n s fe rs  were made a t  30 V, 0.1 A f o r
16-22 h r. Tracks s ta in e d  w ith  amido b la ck  showed th a t  the  
p o ly p e p tid e s  were t ra n s fe r re d  in  p ro p o r t io n  to  the  amounts loaded. 
The tra n s fe r re d  p o ly p e p tid e s  were im raunostained as described
0p re v io u s ly  ( 89 ) .  T h is  in v o lv e s  b lo c k in g  unbound s i te s  on the  
n i t r o c e l lu lo s e  w ith  a 5# bovine  serum a lbum in s o lu t io n  i n  0.9# (w /v ) 
NaCl, lOmM T r is -H C l, pH 7 .4  (TBS) a t  32 * C f o r  45 m in. The 
n it r o c e l lu lo s e  f i l t e r s  a re  then  in cu ba ted  w ith  the  a n t is e ra  a t  
d i lu t io n s  o f  1:20 in  th e  above b lo c k in g  s o lu t io n .  A f te r  in c u b a t io n  
w ith  a n t i  serum a t  2 0 *  C f o r  2 h r , th e  t ra n s fe rs  were washed i n  TBS 
p lu s  0 . 05# NP40 fo r  5m in and th e n  one more wash in  TBS. The f i l t e r s  
were then  in cu ba ted  w ith  I  p ro te in  A, 0 .2  / iC i  per ml o f b lo c k in g  
s o lu t io n  described  above (>30 mCi/mg, Amersham In te rn a t io n a l)  a t  20“ C 
f o r  45 rain. F o llo w in g  t h i s  in c u b a t io n , the  f i l t e r  was a g a in  washed 
as above, b lo t  d r ie d  between two p ieces  o f t is s u e , and s e t up f o r  
a u to rad iog raphy  w ith  Kodak X-Omat S X -ray f i lm  and in te n s i f y in g  
screens a t  -7 0 * C f o r  2-6  days.
For the  radioimmunoassays, 42S and 7S p a r t ic le s  were a d ju s te d  to  
10ug/m l in  0.1M N aQ , lOmM sodium phosphate, pH 7 .0  (PBS). A liq u o ts  
o f  lOOul o f t h is  s o lu t io n  were added to  the  w e lls  o f  m ic r o t i t r e  
p la te s  (L in b ro , Flow L a b o ra to r ie s  In c . )  and in cu b a te d  a t  32*C f o r  1 
h r , the n  a t  4* C o v e rn ig h t.  A f te r  washing the  p la te s  th o ro u g h ly  in  
f i v e  changes o f  PBS, f re e  re a c t iv e  s i te s  were b locked  by in c u b a tin g  
w ith  d i lu e n t  (3# (w /v ) bov ine  serum a lbum in  i n  PBS) f o r  2 h r  a t  32*C. 
A n tis e ra  were d i lu te d  i n  th e  w e lls  to  g ive  a s e r ie s  o f f i v e - f o ld  
d i lu t io n s ,  f i n a l  volume 100 / i l ,  and in cu b a te d  a t  32°C f o r  4 h r . The 
p la te s  were washed w ith  PBS as b e fo re , and in cu b a te d  o v e rn ig h t a t  18* 
C w ith  100 yul per w e l l  o f ' ^ I  la b e l le d  p ro te in -A  (2 .5 x1 0 ^  cpm per ml 
o f d i lu e n t ) .  A f te r  repea ted  washing w ith  ( a t  le a s t  6 changes o f)  
PBS, in d iv id u a l w e lls  were cu t out and counted to  determ ine the  
r a d io a c t iv i t y  bound.
1:15 Assay o f t r a n s c r ip t io n  in h ib i t i o n  in  v iv o  by a n tib o d ie s
To prepare IgG from  the  serum, the  fo l lo w in g  procedure was used.
P resw o llen  EE-52 c e llu lo s e  was e q u il ib r a te d  in  lOOmM potassium  
phosphate b u f fe r ,  pH 7 .2 .  A column o f  20cm h e ig h t by 1cm d iam eter
was poured and the n  e q u i l ib r a te d  w ith  15mM potassium  phosphate 
b u f fe r .  2ml o f serum was a p p lie d  to  the  column and e lu te d  w ith  15mM 
potassium  phosphate b u f fe r .  The e lu a n t was scanned a t  280nm and th e  
peak e lu t in g  im m ed ia te ly  a f t e r  the  v o id  volume was c o lle c te d  and 
ta ke n  as IgG. The c o n c e n tra t io n  o f IgG was determ ined 
s p e c tro p h o m e tr ic a lly  a t  280nm (1.4mg Ig fr/ra l = 1 0 .D. u n i t ) .
For m ic r o in je c t io n ,  the  a n t ib o d ie s  were f i r s t  ly o p h i l iz e d  and 
ra is e d  i n  44mM NaCl, 0.5mM KCl, 7.5mM T r is -H C l, pH 7 .6 .  The
m ic r o in je c t io n  in t o  ge rm ina l v e s ic le s  o f oocytes has been described  
(9 0 ). F i r s t l y ,  ovary c o n ta in in g  stage 2 /3  oocytes was co llagenased  
i n  0R2 minus Ca^* c o n ta in in g  0.2# c o lla g e n a se (Sigma) f o r  60-80 m in 
a t  2 0 *  C. Released oocytes were washed th re e  tim es  w ith  0R2, the n  
th re e  tim es w ith  m o d if ie d  B a rth s  s o lu t io n .  Groups o f 50 stage 2 /3  
oocytes were t ra n s fe r re d  t o  a p e t r i  d ish  (3 cm d ia m e te r) c o n ta in in g  a 
n y lo n  g r id  (mesh 1 mm) f ix e d  on th e  bott<xa o f the  p e t r i  d is h . Befo re  
in je c t io n ,  the  B a rth s  s o lu t io n  was removed to  ju s t  above the  oocytes |
i
and the  d ish  was c e n tr ifu g e d  a t  300xg f o r  12 m in a t  20* C. T h is  f ix e d  |
th e  oocytes to  the  g r id  and b rough t the germ ina l v e s ic le  to  the  j
su rface  o f the  oocyte . The ge rm ina l v e s ic le  was the n  in je c te d  w ith  
20n l o f in je c t io n  m ix tu re  c o n ta in in g  I60jug/ml o f p lasm id  DNA,
5.5mg/m l IgG, 4mCi/ml oc^^P-GTP (750 Ci/mM New England N u c le a r) in
44mM N aQ , 0.5mM KCl, 7.5mM T r is ,  pH 7 .6 .  The oocytes were covered j
w ith  B a rth s  s o lu t io n  c o n ta in in g  th e  a n t ib io t ic s  p e n ic i l l i n ,  iJ
\ n
streptcK nycin  and kanamycin, a l l  a t  5 U /m l, and in cu b a te d  f o r  18 h r  a t  
20*C.
To e x tra c t  the  RNA, the  oocytes were c o lle c te d  from  the g r id ,  
then  washed w ith  B a rth s  s o lu t io n .  The oocytes were then  ly s e d  in  
l y s is  b u f fe r  (1# S a rkosy l, 50mM T ris -H C l, pH8.3, 20mM EDTA) 
c o n ta in in g  p ro  tease K (B o e rin h g e r) a t  a c o n c e n tra t io n  o f  100;ug/ml 
w hich had been p re in c u b a tin g  i n  th e  b u f fe r  a t  20* C f o r  30 rain. "Hie 
ly s e d  oocytes were in cu b a te d  w ith  the  protease f o r  2h r  a t  20* C. The 
ly s a te  was a d ju s te d  t o  0.3M NaCl w ith  3M N aQ , and th e  RNA e x tra c te d  
u s in g  th e  p h e n o l/c h io ro fo rm  and p re c ip i ta te d  w ith  2 v o l.  e th a no l a t  
-20*C  o v e rn ig h t. The RNA was ana lysed  by g e l e le c tro p h o re s is  as 
desc ribed  above. A u to rad iog raphs were made a f t e r  d ry in g  th e  ge l down 
under vacuum, as desc ribe d  above, and exposure in  c o n ta c t w ith  X -ray 
f i lm  (Kodak, X-Omat S) f o r  th re e  days.
1:16 I s o la t io n  o f n u c le i
N u c le i were is o la te d  m anua lly  frœ i oocytes in t o  a s o lu t io n  
c o n ta in in g  70mM KCl, 5mM MgCl;^, 2mM d i t h io t h r e i t o l ,  20mM T ris -H C l, pH 
7 .5  and 2# (w /v ) p o ly v in y lp y r r o l id in e .  T h is  s o lu t io n  caused g e l l in g  
o f  the  nucleoplasm and p reven ted  lo s s  o f n u c le a r c o n te n ts  (9 1 ). 
Batches o f  60 n u c le i were c o lle c te d  i n  70# e th a n o l and s to re d  a t  -20* 
C.
' " S
1 ; 17 Im m u n o p ré c ip ita tio n
A n tis e ra  were t i t r a t e d  by s o l id  phase radioimmunoassay us ing  RNP 
p a r t ic le s  as a n tig e n s  (d e sc rib e d  above). Preimmune sera frcm  a l l  
r a b b its  were checked r o u t in e ly  f o r  neg a tive  re a c t io n  by t h is  same 
tech n iq ue , and a ls o  by im m unob lo tting  as described  above.
Im m u n o p ré c ip ita tio n  o f RNP p a r t ic le s  was c a r r ie d  o u t us ing  
a n t ib o d ie s  bound to  p ro te ir t-A  Sepharose CL-4B (P harm acia ). The 
Sepharose beads f i r s t  were washed and e q u il ib r a te d  in  b u f fe r  A and 
th e n  1.5 ml o f a n t i  serum was added t o  1 ml packed beads p lu s  2 .5  ml 
b u f fe r  A. A f te r  in c u b a t io n  a t  2 0 *C f o r  I h r  w ith  co ns ta n t a g i ta t io n ,  
the  beads were c o lle c te d  by c e n t r i fu g a t io n ,  washed f i v e  tim es  w ith  5 
ml b u f fe r  A and f i n a l l y  added d i r e c t ly  to  RNP p a r t ic le s  con ta ined  in  
sucrose g ra d ie n t f r a c t io n s .  To each 1 ml f r a c t io n  c o n ta in in g  40-50mg 
RNP p a r t ic le s  was added 0.15 ml o f an tibody-bound  beads and the  
m ix tu re  was a g ita te d  a t  2 0 * C f o r  Ih r .  These c o n d it io n s  were 
determ ined by assaying  th e  k in e t ic s  o f b in d in g  o f  ra d io la b e lle d  RNP 
p a r t ic le s  to  the  an tibody-bound  beads. The beads were recovered  by 
c e n t r i fu g a t io n  and washed th re e  tim es as described  above. Bound RNP 
p a r t ic le s  were re le a se d  by the  a d d it io n  o f SDS to  0 .5# and
RNA was e x tra c te d  as described  above (6 5 ).
! f :
1:18 M io ro in je c t io n  o f la b e l le d  428 and 78 p a r t ic le s
428 and 78 p a r t ic le s  were la b e lle d  in  v iv o  w ith .  “ ’"C o r ^ 8  amino 
a c id s  as described  in  S e c tio n  1 :4 . F o llo w in g  c e n t r i fu g a t io n ,  the  428 
and 78 f r a c t io n s  were c o lle c te d ,  then  concen tra ted  a pp ro x im a te ly  
1 0 0 - fo ld  by d ia ly s is  a t  4 * C a g a in s t 20# p o ly e th y le n e  g ly c o l in  a 
s o lu t io n  c o n ta in in g  50mM N aQ , lOmM T r is -H Q  pH7.4, 5mM 
2-m ercaptoe th a n o l. F in a l c o n c e n tra t io n  o f  the  p a r t ic le s  was
t y p ic a l ly  400-500mg RNP/ml, e q u iv a le n t to  200-250mg p ro te in /m l 
(a p p ro x im a te ly  50000 cpm / / i l ) .
F o llo w in g  c o n c e n tra t io n  o f  RNP p a r t ic le s ,  they were 
m ic ro in je c te d  in t o  non-co llagenased  stage 2 -4  oocytes ( lO O n l/o o c y te ). 
The in je c te d  oocytes were the n  in cu b a te d  f o r  up to  fo u r  days in  
m o d if ie d  B a rth s  s o lu t io n  (53) t o  a llc w  m etabolism  o f the  in je c te d  
p a r t ic le s .
The p iece o f ovary c o n ta in in g  th e  in je c te d  oocytes was washed in  
m o d if ie d  B a rth s  s o lu t io n ,  t ra n s fe r re d  to  T r is  b u ffe re d  3:1 medium 
(75mM K Q , 25mM N aQ , lOmM T r is -H Q  pH7.2) and n u c le i is o la te d  
m anua lly  frcm  the  in je c te d  oocytes  under the  d is s e c tin g  m icroscope. 
N u c le o li were prepared in  th e  same medium a d ju s te d  to  5mM MgClj, which 
a id s  p o ly m e r is a tio n  o f  a c t in ,  e n su rin g  the  in t e g r i t y  o f the 
nucleoplasm  thus decreas ing  p ro te in  lo s s  (9 1 ).
N u c le i were t ra n s fe r re d  in t o  c e n t r i fu g a t io n  chambers made from  
bored g la s s  d is c s  sea led  on th e  underside w ith  round n o .2 g la s s  
cover s l ip s  and c o n ta in in g  3:1 medium m o d if ie d  w ith  MgClj. , and th e  
n u c le a r membrane removed from  the  nucleoplasm  e s s e n t ia l ly  as
d esc ribe d  f o r  the  p re p a ra tio n  o f lampbrush chrcxnosomes (1 7 9 ).
C e n tr ifu g a t io n  chambers were covered w ith  no.O c o v e rs lip s  and 
c e n tr ifu g e d  a t  1200xg f o r  7 m in i n  a s o r v a l l  RC-2B, HB-4 r o to r  i n  
o rd e r to  a tta c h  the  p re p a ra tio n s  f i r m ly  to  the  n o .2 c o v e rs lip s .  
F o llo w in g  c e n t r i fu g a t io n ,  the  no.O c o v e rs lip s  were removed. The 
p re p a ra tio n s  were f ix e d  i n  an e th a n o l s e r ie s :  70# e th a n o l f o r  45
m ins, 96# e th a n o l f o r  10 m ins and 100# e th a n o l f o r  lOmin. The 
chambers were then  immersed i n  xy lene  f o r  20 m ins w ith  g e n tle
a g i ta t io n  to  remove wax. The no .2 c o v e rs lip s  were then  r in s e d  tw ice  
i n  acetone , mounted on s lid e s ,  p re p a ra t io n  upwards, w ith  a sm a ll drop 
o f  Canada balsam and l e f t  on a h o t p la te  to  dry o v e rn ig h t.
The mounted p re p a ra tio n s  were d ipped i n  f in e  g ra in e d  n u c le a r 
em ulus ion  ( I l f o r d  L4 n u c le a r research  em u ls ion  i n  g e l fo rm ) d i lu te d  
1:1 w ith  d i s t i l l e d  w a te r a t  50* C and a llo w e d  to  dry a t  2 0 *  0 w ith  a 
co n s ta n t d raugh t f o r  I h r .  The p re p a ra tio n s  were exposed t o  the  
pho tog ra p h ic  e m u ls ion  f o r  3 -4  weeks a t  -7 0 *0 .
F o llo w in g  exposure, a u to ra d iog ra p hs  were developed f o r  10 m in i n  
Kodak D19 deve loper, washed i n  d i s t i l l e d  w a te r and f ix e d  f o r  30 m ins
i n  Kodak U n i f ix .  The s l id e s  were washed f o r  20 m ins i n  ta p  w a te r,
s ta in e d  w ith  Giesma in  phosphate b u f fe r  (50ml lOmM potassium  
phosphate b u f fe r /  4ml Giesma s ta in ,B D H ), flo o d e d  w ith  tap  w a te r and 
r in s e d  i n  d i s t i l l e d  w a te r.
Photcm icrographs were taken  w ith  a W ild  MPS 518 camera f i t t e d  to  
a L e i tz  O rth o lu x  m icroscope us in g  Kodak T r i-X  f i lm .
RESULTS
1:19 S p e c if ic  B in d in g  o f  RNA to  P ro te in  i n  v i t r o
The s p e c i f i c i t y  o f in te r a c t io n  o f p ro te in s  w ith  RNA m olecu les 
can be checked d i r e c t ly  by is o la t in g  th e  d i f fe r e n t  components and 
recom b in ing  them under c o n d it io n s  o f  c o n t ro lle d  re n a tu ra t io n  (6 6 ,8 7 ). 
A f te r  I - la b e l le d  RNA i s  m ixed w ith  a 5-10 fo ld  m o le cu la r excess o f 
p ro te in s , any r ib o n u c le o p ro te in  complexes formed can be ana lysed on 
CsCl d e n s ity  g ra d ie n ts  a f t e r  f i x a t i o n  o f the complexes w ith  
form a ldehyde. In  a l l  fo u r  com b ina tions  o f  the  two RNAs w ith  the  two 
p ro te in s , more than  70# o f  the  ra d io a c t iv e  RNA was in c o rp o ra te d  in t o  
r ib o n u c le o p ro te in  complexes showing d is c re te  d e n s ity  peaks ( F ig .1 ) . 
These fe a tu re s  a re  c h a r a c te r is t ic  o f  s p e c i f ic  R N A -pro te in  
in te r a c t io n ,  and do no t r e la te  to  p ro te in  p r e c ip i ta t io n  o r s im ple  
charge in te r a c t io n  (6 6 ,8 7 ).
A ccord ing to  c r i t e r i a  e s ta b lis h e d  p re v io u s ly  (6 6 ), the  
in te r a c t io n  o f 58 RNA w ith  P43 gene ra tes  a r ib o n u c le o p ro te in  d e n s ity  
peak (F ig . IB )  near to  1 .54g/cm *, which i s  th e  th e o re t ic a l va lue  f o r  a 
s in g le  RNA m olecu le  o f Mr 40000 w ith  a s in g le  p ro te in  m o lecu le  o f Mr 
43000 (8 8 ) . A l l  r ib o n u c le o p ro te in  complexes described  here w hich are 
form ed by in  v i t r o  r e c o n s t i tu t io n  have se d im en ta tion  va lu e s  o f 5 -88 
and thu s  are  presuned t o  c o n s is t  o f o n ly  one p ro te in  m o lecu le  p lus  
bound RNA ra th e r  than  la r g e r  p ro te in  aggregates. The in te r a c t io n  o f 
58 RNA w ith  P48 (F ig . 1A) appears to  produce complexes denser than  
expected  frcxn a 1:1 in te r a c t io n  (a t  1 .5 2 g /cm *). Only a shou lde r o f 
r a d io a c t iv i t y  occurs a t  the  expected p o s i t io n  i n  the  g ra d ie n t.  
N eve rthe less , the  observed peak i s  c lo se  to  the  va lue  (1 .59g /cm *) 
expected  frcxn a 1:1 in te r a c t io n  o f 58 RNA w ith  the  cleavage p roduct
t i r .  1. CrCl c p r r i  tv r r - p d i e r t  ?’ r ~ l v r l r  o f  r t b o r u o l o o r r o t ^ i r  r c m r l o y e r  
t ermed bv r r r ? t u r 1 r < -  i r o l r t e d  r r n t o i r  i r  th o  r r ^ P A rc*  of r r r i f i ^ d  
hiJA, The rre rr  r n t i o  o f  r>rotAir:Hh'A I f  10:1 ( 20uo p r o t A i r : 2 u r  f thA).  
I A)  r i x t u r c  of P4o ?=rd 58 hîvA. Arra-7? i r d i c o t o  t h A o r o r t i c s l  POPtiopF  
o f  1:1 r r l r r u l A p  i r t o r - o t i o p  v i t h  t rhclP P4Ü ord w i t h  the 233 c lo avAre  
product .  (B)  m 3  w i t h  h8 A o h t h e o r e t i c a l  n o r t i o r p  of  1:1  
n o l A o u i n r  I r t e r e c t l c r .  (C)  24 o w i t h  ttiNA, ohcnv^lrr t h o o r e t i c o l
r o p t i o n  of  3 : 1 .  2 : 1  end 1:1 ( B ü A : p r o t e i r )  r o l o o u l e r  i r t e r o c t i o r p .
(D)  243 w i t h  tnwA. o h a r i r o  t h e ^ r e t i c o !  r o F t i o p  o f  1:1 n o l e c u l e r  
i r t o r n o t i o p .  (B )  f 40  wi r.h 55  Bi^A, ohn'Tirr  t h e o r e t i c ? !  r c p t i o r  of  1:1  
r o l o o u l r r  i r t e r e o t l o p .  ( # )  BN A r ? d i o ? o t i v i t " ;  (A)  d o p o i ty  o f  Cp CI . 
A ^ o l y r i r  o f  r e d i n e r t e t i ^ p  o f  r A c o r r t i t u t A d  m a t é r i e l  i r  rucrooe  
" r r d i e r t F  rhc^^p t h ? t  the  cooplexep o f  th e  typ e  dApcr ibed h er e  
redimept  e t  5 - 1 0 5 .  A p e r e t i v A  o o r t r o l  f o r  r o p - F P A c i f i c  i r t e r e c t i o p  
i r  ^TCvidAd bv the r l x t u r e  of 240 w i t h  tKilA which forme po s t a b l e  
coo pi AX i r  t h l r  epee^’' (de t^  r o t  rhrscr) .
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o f P48, P33 (see S e c tio n  1 :2 5 ). Indeed, the  c o n d it io n s  o f in c u b a t io n  
used to  form  the  r ib o n u c le o p ro te in  complexes do a c c e le ra te  the  
cleavage o f p ro te in  is o la te d  as an e le c tro p h o re t ic  band o f Mr 48000. 
Furtherm ore, a n a tu ra l ly  o c c u rr in g  58 RNA/P33 p a r t ic le  does appear in  
l a t e r  s tages o f  oogenesis (see S e c tio n  1 :2 4 ).
As re p o rte d  p re v io u s ly ,  f o r  T r i tu ru s  42S p a r t ic le  components 
(6 6 ), tRNA in te r a c ts  w ith  P45 (P48 o f Xenopus) t o  produce a range o f 
d e n s ity  p a r t ic le s  w h ich  correspond t o  the  b in d in g  o f 1, 2 and 3
m olecu les o f  tRNA ( F ig .1C) w ith  a s a tu ra t io n  le v e l f o r  the  c o n d it io n s  
d esc ribed  o f  2 -3  RNA m o le cu le s / p ro te in  m o lecu le . Using components 
from  the  T r i tu ru s  428 p a r t ic le  (6 6 ), no s ta b le  complexes were formed 
between P39 (co rre sp on d in g  to  P43 o f Xenopus) and tRNA. W ith 
components from  Xenopus 428 p a r t ic le s ,  complexes were formed which 
correspond to  a 1:1 in te r a c t io n  (F ig . ID )  w ith  a tendency to  form  
n o n s p e c if ic  complexes as low d e n s ity  m a te r ia l a t  the  top  o f the  
g ra d ie n t.  However, t h is  aggregated m a te r ia l co n ta in ed  le s s  than  20^ 
o f  the  RNA r a d io a c t iv i t y .
Frcxa these r e s u l t s  i t  i s  apparent th a t  r ib o n u c le o p ro te in  
complexes can be form ed between e i th e r  o f the  RNA spec ies  and e i t h e r  
o f the  p ro te in s .
T ra n s c r ip t io n  fa c to r  T F IIIA  (P40) a ls o  b inds 58 RNA (62) and i s  
con firm ed  in  t h i s  a n a ly s is  t o  form  an RNP complex w ith  a d e n s ity  o f 
1 .54g/cm *. In  t h i s  a n a ly s is ,  58 RNA taken  from  two d i f fe r e n t  sources 
was used (from  both  428 and 78 p a r t ic le s )  w ith  no d if fe re n c e  i n  th e  
bouyant d e n s ity  o f the  RNP complex o r  percentage o f ra d io a c t iv e  RNA 
bound. T F IIIA  does n o t b ind  tRNA.
1:20 E f fe c t  o f EDTA and H igh S a lt  on the  S t a b i l i t y  o f 428 P a r t ic le s .
Treatm ent o f ribosom es w ith  e i th e r  low c o n c e n tra tio n s  (2 -1 OmM)
o f EDTA (9 2 ), o r h ig h  c o n c e n tra tio n s  (0.5M) o f KCl (46) b r in g s  about
d is s o c ia t io n  in to  s u b u n its  and the  re le ase  o f a r ib o n u c le o p ro te in
complex c o n ta in in g  58 RNA and p ro te in .  A s im i la r  procedure can be 
adopted to  ana lyse the  in te r n a l  o rg a n is a t io n  o f 428 p a r t ic le s .
Treatm ent o f 428 p a r t ic le s  w ith  5mM EDTA r e s u lts  in  the  
co nve rs io n  o f most o f the  m a te r ia l to  s low er sed im en ting  fo rm s.
Absorbance peaks a t  14 and 78 are formed ( F ig .2A ). A n a lys is  o f
p ro te in  and RNA c o n s t itu e n ts  shows th a t ,  whereas the  m a te r ia l 
sed im en ting  a t  148 c o n ta in s  a m ix tu re  o f a l l  fo u r  m a jo r components,
the  78 peak c o n ta in s  o n ly  P48 and 58 RNA a t  a m o le cu la r c o n c e n tra tio n
a t  le a s t  f i v e  tim es g re a te r  than  tRNA (F ig .2 B ). T h is  r e s u l t  would 
suggest th a t  i n  the  428 p a r t ic le ,  a t  le a s t  some o f the  58 RNA i s  
complexed w ith  P48 in  a 1:1 r a t io .  The 428 p a r t ic le s  used in  t h is  
experim en t were d e rive d  frcm  stage 1 oocytes w h ich  con ta in ed  l i t t l e  
o f  the  P33 breakdown p roduct o f P48.
D ia ly s is  from  b u f fe r  c o n ta in in g  3OmM NaCl to  b u f fe r  c o n ta in in g  
0.5M NaCl a lso  causes the  breakdown o f 428 p a r t ic le s ,  but here the  
breakdown i s  more com plete, r e s u lt in g  in  form s, a l l  o f w h ich  sediment 
a t  about 78 (F ig .3 A ) , 8 ince re s o lu t io n  o f in d iv id u a l
r ib o n u c le o p ro te in  complexes on sucrose g ra d ie n ts  was u n s a t is fa c to ry ,  
a p r o f i le  o f RNA r a d io a c t iv i t y  in  s a l t  d is s o c ia te d  p a r t ic le s  was
o b ta in  by c e n t r i fu g a t io n  o f fo rm a ldehyde -f ix e d  p ro d u c ts  in  CsCl 
g ra d ie n ts . The 428 p a r t ic le s  were d e rive d  from  stage 1 oocytes 
la b e lle d  in  v iv o  f o r  I8 h r  w ith  ^ H -u r id in e . Very l i t t l e  o f the RNA
flp.2. i r P A t n r r t  of 4 2 8  r - r t i c l o c  w i t h  LDÏA. 2 4 % ^ ^  u n i t ?  of 4 2 8  
r'ibonuolooprctoir r ^ r t i o l o p  ’-Tfspp i r o l n t e d  fr o m  rtnre 1 o o c y t o r  nrd
t r o n t o d  w i t h  %,DiA to r i i m l  r o r c ^ n t m  tier of bml.. f r o n t e d  o n r t l c l o p  
\:opr. l a y e r e d  on to '• I4nl, 1b-40f r u c r o r e  r r n d i e r t  c o r t n i r i r r  3 0 r L  
ivoCl . 1 Gri; Irir-iiCl Oii/ .H. bnl* 8 D T A  ap(j 2 r h  2 - 8 o r o a p t o e t h a p o l  nrd 
rrur at 3 b U 0 Û  r m  f or 4 2 h r r  ot 4*C. (A) e u c r c o o  o r a d i o r t  r h o u i r r
d i r r o c i " t i o n  p r o d u c t ?  nt 148(2) end 18(3). e m o t i o n  ( 1 ) o o r r o r m n d ?  
to rpcll oroci rted ^ r t c r i a i  w h i c h  ir p e l l e t e d  f m o t i o n  (4) t o  the
rur^rr? tart. (8) a r n l y r i r  of r r o t e i n  arc itijA c o m p o n e r t r  I'roo' t.ho 
I'raotiorr rha:r in (A). T h e  CooTorri e - r t a i n e d  p r o t e i n  oei rhovrr 
n r e r e r c e  of both r4b arc r43 in th« 148 r a t e r i a l  but onl ’^ of m o  in
tho 1 8  rater i a l .  hiiA ,ml r r t a i r e d  wi th acriciir® o rapoe rh w e d  the
r r e r e n c ®  op b^th 8 8  M A  arc t ^ N A  (in a i ;2 r o l ^ c u l a r  ratio) in t he 
Is8 n o t a r i a l  but a lrrrc oyr.%roivn]y 8 8  iisiA in the V S  n a t e r i a l .  (,-?-) 
n r e r e p c o  ; (_) p b r e n c e  rf hiJA.
Sedimentation
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F ig .3 . Treatm ent o f 428 p a r t ic le s  w ith  0.5M NaCl, u n i ts  o f 428
r ib o n u c le o p ro te in  p a r t ic le s  is o la te d  from  stage 1 oocytes were
d ia ly s e d  a g a in s t b u f fe r  c o n ta in in g  0.5M N a d  f o r  I6 h r  a t  4 ° C. (A) 
sucrose g ra d ie n t showing d is s o c ia t io n  p roduc ts  as a s in g le  peak
sed im en ting  about 78. The p o s i t io n  o f  th e  o r ig in a l  428 peak i s  shown
(broken  l i n e ) .  (B) C sd  d e n s ity  g ra d ie n t a n a ly s is  o f
ribonuce  o p ro te in  complexes con ta ined  in  the  78 peak. R e la tiv e  
amounts o f RNA are  in d ic a te d  by r a d io a c t iv i t y  ( th e  ovary was 
o r ig in a l ly  la b e lle d  w ith * H -u r id in e  as described  i n  8 e c t io n  1 :4 ) .  The 
th e o re t ic a l p o s tio n  o f complexes form ed between 3 ,2  and 1 m o lecu les 
o f  tRNA and a s in g le  p ro te in  and between 1 m olecu le  o f 58 RNA and P33 
are  in d ic a te d . (# ) RNA r a d io a c t iv i t y ;  (A) d e n s ity  o f CsCl.
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la b e l i s  recovered  as f r e e  RNA a t  the  bottom o f the  tube (1.65g/cm^ , 
F ig .S B ); over 95JS o f  the  la b e l i s  removed from  the  m idd le  o f the  
g ra d ie n t in  the  form  o f s ta b le  r ib o n u c le o p ro te in  complexes. These 
complexes a re  de te c ted  as fo u r  peaks o f r a d io a c t iv i t y  which 
correspond i n  d e n s ity  to  those expected from  s in g le  p ro te in  m o lecu les  
i n  com b ina tion  w ith  1, 2 and 3 m o lecu les o f tRNA, and w ith  1 m olecu le  
o f 58 RNA. Due to  the  f i x a t i o n  procedure , the  p ro te in  components o f 
in d iv id u a l peaks cannot be id e n t i f ie d .  N eve rthe less , th e  peak a t  the  
d e n s ity  p o s it io n  o f 1.58g/cm? corresponds to  the  va lue  expected from  
58 RNA i n  com b ina tion  w ith  the  P33 cleavage p roduc t o f P48 ( th e  
co n te n t r a t io  o f P33:P48 in  the  428 p re p a ra tio n  used f o r  t h is  
p a r t ic u la r  experim ent was about 1 :1 ) .  A lthough the  peak w ith  lo w e s t 
d e n s ity  (1.47g/cm * ) co u ld  c o n ta in  e i th e r  P48 o r P43 in  com b ina tion  
w ith  a s in g le  tRNA m o lecu le , the  rem a in ing  two peaks a t  1.55g/cm^ and 
1.62g/cm* are more l i k e l y  to  c o n ta in  P48 in  com b ina tion  w ith  2 and 3 
m o lecu les o f  tRNA, re s p e c t iv e ly ,  s ince  on ly  t h is  p ro te in  was found to  
be capable o f m u lt ip le  b in d in g  o f  tRNA i n  i n  v i t r o  re co m b in a tio n  
s tu d ie s  ( F ig .1 ) .
1:21 H e te rog e ne ity  in  C om position o f  428 P a r t ic le s
The s t a t ic  p ic tu re  o f 428 p a r t ic le s  i s  one o f a Wetrameric 
complex o f the  b a s ic  monomeric u n i t  com pris ing  2 m o lecu les o f P48, 1 
m o lecu le  o f P43, 1 m o lecu le  o f 58 RNA and 3 m o lecu les o f tRNA. T h is  
p ic tu re  does n o t in c o rp o ra te  any view o f the  p a r t ic le  being a dynamic 
p a r t ic le  p o s s ib ly  in f lu e n c in g  t r a n s c r ip t io n  o f 58 RNA o r tRNA and th e  
processes o f  rRNA t r a n s c r ip t io n  and ribosom e assem bly. However, some 
h e te ro g e n e ity  in  th e  428 p a r t ic le s  i s  observed when f r a c t io n s  a re
taken  across the  428 re g io n  o f sucrose g ra d ie n ts  and i n  o v a r ie s  taken  
a t  d i f fe r e n t  stages o f developm ent.
When the  m a te r ia l th a t  sedim ents i n  the  428 re g io n  o f a sucrose 
g ra d ie n t i s  se p la t e d  in t o  th re e  f r a c t io n s  co rrespond ing  to  the  heavy 
s id e , m idd le  and t r a i l i n g  s id e  o f the  428 peak ( F ig .4 ) ,  co m p os itio n a l 
v a r ia t io n  i s  observed. P o lyacry lam ide  ge l e le c tro p h o re s is  shows th a t  
P43 i s  underrepresen ted  i n  th e  f r a c t io n  taken  a t  the  heavy s ide  o f 
the  428 peak. The g e l w hich i s  s ta in e d  w ith  s i lv e r  s a lts ,  a lso  i^ows 
th e  RNA components w h ich  are  recogn ized  as n e g a tiv e ly  s ta in in g  bands. 
I t  can be seen th a t  the  p ro p o r t io n s  o f  58 RNA and tRNA components i s  
s im i la r  i n  a l l  th re e  f r a c t io n s .  These o b se rva tio n s  w ou ld  suggest
th a t  th e re  i s  n o t a s im p le  r e la t io n s h ip  w i th in  th e  p a r t ic le s  o f one 
type  o f RNA w ith  one p ro te in  and th e  o th e r type o f RNA w ith  the  o th e r 
p ro te in .
F u rth e r h e te ro g e n e ity  i s  observed when 428 p a r t ic le s  a re  
is o la te d  from  o v a r ie s  a t  d i f f e r e n t  stages o f  developm ent. T h is  
h e te ro g e n e ity  can be seen w ith  re sp e c t to  both p ro te in  and RNA,
F ig .5 shows the  r e la t iv e  abundance o f p ro te in s  i n  428 p a r t ic le s  
is o la te d  frcm  ovary th a t  co n ta in e d : (1) o n ly  stage 1 ( c le a r )
oocytes , (2 ) m a in ly  stage 2 (w h ite )  oocytes , and (3) m a in ly  
p o s t-s ta g e  2 (y o lk y )  o ocy te s . A lthough the  c o n t r ib u t io n  o f 428 
m a te r ia l i s  m a in ly  from  stages 1-2 (6 5 ,9 3 ), i t  can be seen th a t
p ro te in  co m pos ition  changes from  be ing  m o s tly  P48 in  e a r ly  ovary to
be ing  m o s tly  P43 i n  more m ature ovary. In  a d d it io n ,  RNA from  the  
th re e  p re p a ra tio n s  was measured by scanning g e ls  c o n ta in in g  
e le o tro p h o re t ic a lly -s e p a ra te d  RNA spec ies . T h is  a n a ly s is  showed th e
r a t i o  i n  A^^  ^ o f 58 RNA to  tRNA changed from  1.51 to  0 .23  on go ing
F ig .4 . A n a lys is  o f f r a c t io n s  across th e  428 r ib o n u c le o p ro te in  peak 
is o la te d  frcm  stage 1 oocytes. (A) sucrose g ra d ie n t p r o f i le  showing 
f r a c t io n s  colleeJsa^ from  the  le a d in g  s ide  (1 ) ,  M id d le (2 ) and t r a i l i n g  
s id e (3) o f  the  428 peak. In  m a te r ia l from  t h is  e a r ly  oogenic s tage , 
428 m a te r ia l exceeds th a t  o f ribos<xnes(808) and sm a ll 
r ib o n u c le o p ro te in  com plexes(7S). (B) equa l volumes o f the  428 
f r a c t io n s  were precipîfeo,V;«A w ith  e th a n o l and prepared fo r  
S D 8-polyacrylam ide g e l e le c tro p h o re s is .  8 ta in in g  w ith  s i lv e r  s a lts  
r e s u lts  in  dark  p ro te in  bands and n e g a tiv e ly -s ta in e d  RNA bands. (Pm) 
in d ic a te s  p ro te in s  a sso c ia te d  w ith  mRNA which cosediment w ith  428 
p a r t ic le s  as mRNP p a r t ic le s (2 0 3 ). P33 i s  a cleavage p roduc t o f P48
(see t e x t ) .
—  Sedimentation
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F ig .5 . A n a lys is  o f 428 r ib o n u c le o p ro te in  p a r t ic le s  a t  d i f fe r e n t  
s tages o f m a tu r ity .  Anim als were s e le c te d  f o r  o v a r ie s  hav ing  (1) 
e x c lu s iv e ly  stage 1 oocytes ; (2) m a in ly  stage 2 oocytes and (3) many 
p os t-s ta g e  2 oocytes . The 428 RNP p re p a ra tio n s  were s p l i t  f o r  
p ro te in  and RNA a n a ly s is .  A Coœia s s ie -s ta in e d  p ro te in  ge l i s  shown. 
RNA r a t io s  were c a lc u la te d  from  the  a rea under 58 RNA and tRNA peaks 
in  A j^  scans o f tube g e ls .
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from  the  samples from  e a r ly  s tages to  the  samples from  more m ature 
s tages. These va lu e s  a re  e q u iv a le n t t o  a range in  m o le c u la r r a t io  o f 
1:1 to  1 :6  (5S RNA:tRNA). A lthough the  r e la t iv e  in te n s i t y  in
s ta in in g  o f  P48 to  P43 covers  a s im i la r  (6 fo ld )  range, t h is  does n o t 
n e c e s s a r ily  mean th a t  th e re  i s  a one to  one m o le c u la r r a t io  
r e la t io n s h ip  between 5S RNA and P48 and between tRNA and P43. For 
in s ta n c e , in  428 p a r t ic le  p re p a ra tio n s  from  ovary c o n ta in in g  on ly  
e a r ly  stage 1 oocytes (up to  SOjum diam. ) ,  the  p ro te in  co m pos ition  i s  
o f te n  a lm ost e x c lu s iv e ly  P48, y e t both 58 and tRNA are  w e ll 
rep resen ted  (see a ls o  F ig .4 .B , t ra c k  1 ),
The above r e s u l t s  ctemonstrate th a t  h e te ro g e n e ity  in  the  p a r t ic le  
co m pos ition  e x is ts  w i t h in  a s in g le  428 RNP p re p a ra tio n , and 
h e te ro g e n e ity  a ls o  a r is e s  i n  428 RNP p a r t ic le s  ta ke n  from  o v a r ie s  
from  d i f fe r e n t  developm ental s tages. These changes r e f le c t  th e  
dynamic s ta te  o f the  428 p a r t ic le s .
1:22 Amino A cid  and P eptide  A n a ly s is  o f  P43, P48 and P40
R ib o n u c le o p ro te in  p a r t ic le s  sed im enting  a t  428 and 7S were 
is o la te d  on sucrose g ra d ie n ts . E thano l p r e c ip i ta t io n  fo llo w e d  by SDS 
po lyac ry lam ide  g e l e le c tro p h o re s is  re v e a ls  th a t  the  m a jo r p ro te in  
components o f  428 p a r t ic le s  a re  p ro te in s  o f m o le cu la r w e ig h ts  48KDa 
and 43KDa, w h i ls t  the  m a jo r p ro te in  component o f the  7S p a r t ic le  i s  a 
p ro te in  o f 40KDa. In  our expe rience , these th re e  p ro te in s  were 
p o o r ly  s o lu b le  i n  th e  absence o f RNA, 8D8 below 0.1% a nd /o r 8M urea.
The re la t io n s h ip  between these p ro te in s  needs to  be e s ta b lis h e d , 
i n  o rd e r th a t  t h e i r  p o s s ib le  e f f e c t  on the  t r a n s c r ip t io n  o f 58 and 
tRNA genes, and th e  fo rm a tio n , d is t ib u t io n  and u t i l i i z a t i o n  o f 428 
p a r t ic le  components may be dete rm ined .
For t h is  a n a ly s is ,  p ro te in s  were is o la te d  from  an 8DS 
p o lyac ry lam id e  g e l,  by e x c is in g  th e  re g io n  c o n ta in in g  th e  in d iv id u a l 
p ro te in s  and th e n  e lu t in g  the  p ro te in s  i n  e lu t io n  b u f fe r  c o n ta in in g  
8DS. P u r ity  o f the  e lu te d  p ro te in s  was checked by e le c tro p h o re s is .
2D e le c tro p h o re s is  o f  these p ro te in s  show them to  have a bas ic  
charge, w ith  P40 and P43 be ing  d i f f i c u l t  to  re s o lv e  (9 3 ). S im ila r  
p ro te in s  a re  con ta ined  i n  78 and 428 p a r t ic le s  o f  the  f is h ,  T inea 
t in e a  and i t  was suggested th a t  the  78 p a r t ic le  p ro te in  was a 
cleavage p roduct o f the  lo w e r m o le cu la r w e ig h t p ro te in  o f the  428 
p a r t ic le s  (5 7 ). The aim o f these experim en ts was to  determ ine i f  
th e re  was any homology between th e  th re e  p ro te in s .
Amino a c id  a n a ly s is  was c a r r ie d  ou t on th re e  d i f fe r e n t  
p re p a ra tio n s  o f the  p ro te in s .  The r e s u l ts  a re  p resen ted  in  Table 2 . 
From t h is  data  no p ro te in  o f the  th re e  cou ld  be produced by 
p r o te o ly t ic  cleavage from  any o th e r o f the  th re e  p ro te in s . T h is  i s  
because P40 c o n ta in s  more ty ro s in e  than  P43 o r P48 as w e l l  as o th e r 
d if fe re n c e s  between th e  o th e r two p ro te in s  and P43 c o n ta in s  more 
le u c in e ,  ly s in e ,  h is t id in e  and a rg in in e  than  P48.
Table 2 , Amino a c id  a n a ly s is  o f  P48, P43 and P40. A pprox im ate ly
50ug o f p ro te in  is o la te d  from  p re p a ra tiv e  SD S-polyacrylam ide g e ls  was 
d ia ly s e d  a g a in s t d i s t i l l e d  w a te r and hydro lyzed  in  6N HCl, 0.1M 
th io g ly c o l ic  a c id  a t  110*0 fo r  2 4h r under an atmosphere o f The
re s id u e s  were ana lysed us ing  an automated s in g le  column a n a ly z e r.
NO. OF RESIDUES PER MOLECULE
P48 P43 P40
Asp 40 22 39
Thr 26 21 19
Ser 37 30 26
Glu 44 32 40
Pro 19 18 13
G ly 57 39 43
A la 43 29 28
V a l 36 23 22
CysC/a) 6 10 3
Met 6 4 3
Iso 24 8 9
Leu 33 34 25
Tyr 6 7 13
Phe 19 17 15
Lys 24 29 24
H is 10 21 16
Arg 18 29 28
Trp ND ND ND
% B asics (A rg ,
Lys and H is ) 12.2 20.7 19.2
?
The la c k  o f re la te d n e s s  i s  f u r th e r  (temonstrated by the  cyanogen 
bromide cleavage p a tte rn  o f the  th re e  p ro te in s . Qyanogen bromide 
cleavage was c a r r ie d  o u t on the  ge l p u r i f ie d  p ro te in s .  T h is  compound 
c le a ves  p ro te in s  a t  the  pep tide  lin k a g e  between m e th ion ine  and i t s  
n e igh b ou rin g  amino a c id . The r e s u l t s  a re  shown i n  F ig .6 . (T h is  ge l 
i s  s ta in e d  w ith  s i lv e r  and th e  p e p tid e s  do not n e c e s s a r ily  appear in  
s to c h io m e tr ic  am ounts.) There i s  no s im i la r i t y  between these th re e  
cleavage p a tte rn s  o f  P48, P43 and P40.
1:23 Im m unolog ica l ana ly s is
Im m unological a n a ly s is  us ing  th e  techn ique  o f W estern b lo t t in g  
(89) i s  a ls o  a s e n s it iv e  assay to  t e s t  f o r  re la te d n e s s . The p ro te in s  
i n  q u e s tio n  a re  ru n  o u t on an SDS g e l,  t ra n s fe r re d  to  n i t r o c e l lu lo s e  
and re a c te d  w ith  serum a g a in s t one o f the p ro te in s .  The bound 
a n tib o d y  i s  d e te c ted  by the  b in d in g  o f  '^ ^ I- la b e lle d  p ro te in -A  which 
b inds to  most c la sse s  o f  IgG frcm  d i f fe r e n t  an im a ls  in c lu d in g  r a b b i t .  
Our a n tib o d ie s  were ra is e d  i n  r a b b its  a g a in s t th e  g e l p u r i f ie d  
p ro te in s  as an RNP complex w ith  ye a s t tRNA. From F ig .7 i t  can be 
seen th a t  a n ti-P 4 8  re a c ts  s tro n g ly  w ith  P48 taken  from  428 p a r t ic le s ,  
bu t w ith  no p ro te in  from  the  78 re g io n  o f  a sucrose g ra d ie n t. 
L ikew ise  a n ti-P 4 3  o n ly  re a c ts  w ith  P43 fro n  428 p a r t ic le s ,  whereas 
a n ti-P 4 0  on ly  re a c ts  w ith  P40 from  the  78 re g io n . These a n tib o d ie s  
a re  h ig h ly  s p e c i f ic  f o r  t h e i r  re s p e c tiv e  p ro te in s *  T h is  in d ic a te s
th a t  these th re e  p ro te in s  a re  d is s im i la r  a n t ig e n ic a l ly .
F ig ,6 , Cyanogen bromide cleavage p a tte rn s  o f P48, P43 and P40.
5-10ug o f p ro te in  was re a c te d  w ith  100 m o la r excess o f cyanogen 
bromide f o r  24 -48h r a t  room tem pera ture . S ta in in g  in te n s i t y  w ith  
s i lv e r  s a l t s  i s  no t n e c e s s a r ily  p ro p o r t io n a l to  the  amounts o f 
m a te r ia l i n  the  bands. M, m arker p o ly p e p tid e s  w ith  Mr va lu es  (tim e s  
10“^ ) .
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F ig .7 . R adioim m unosta in ing o f 428 and 78 RNA p a r t ic le  p o ly p e p tid e s  
us ing  a n tib o d ie s  d ire c te d  a g a in s t P48, P43 and P40 w ith  la b e lle d
p ro te in -A , (a ) 428 p a r t ic le  p ro te in s  s ta in e d  w ith  Coomassie B lu e ; 
(b ) s ta in e d  78 p a r t ic le  p ro te in s ;  c ,d  t ra n s fe rs  o f  p ro te in s  shewn i n  
a ,b ; immunostained w ith  a n ti-P 4 8 ; e , f ,  t ra n s fe rs  im m unostained w ith  
a n ti-P 4 3 ; g ,h , t ra n s fe rs  imm unostained w ith  a n ti-P 4 0 .
F ig ,8 . Radio-immunoassays showing th e  ca p a c tie s  o f RNP p a r t ic le s  
from  Xenopus and T r i tu r u s  spec ies  to  b in d  a n t ib o d ie s  d ire c te d  a g a in s t 
P48, P43 and P40. W e lls  o f a m ic r o t i t r e  p la te  were coated w ith  
a n tig e n  a t  10jug/ml. A n tis e ra  used a t  1:20 to  (a ) P48 from X . la e v is ;  
(b ) P43 from X . la e v is :  (c ) P48 from T .c r is ta tu s ; (d ) P40 from
X . la e v is  were assayed f o r  b in d in g  to  428 p a r t ic le s  from  0, X . la e v is ; 
□  » X. b o r e a lis : • ,  T. c r i  s ta tu s  and ■  T. v u lg a r is ; and to  A  X . la e v is ;  
V  X. b o re a lis  “TS '^<xrV'vc>o.‘=s.
P48.P43P40
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t o g ^  d i l u t i o n
428 and 7S p a r t ic le s  have been is o la te d  from  a range o f 
am phib ians and te le o s t  spec ies  (5 8 ). Cross r e a c t iv i t y  o f these 
p ro te in s  were te s te d  by radioimmunoassay us ing  n a t iv e  RNP p a r t ic le s ,  
and by Western b lo t t in g  from  8DS g e ls . Using th e  a n t ib o d ie s  ra is e d  
a g a in s t th e  X . la e v is  p ro te in s , c ro ss  r e a c t iv i t y  was te s te d  a g a in s t 
p ro te in s  from  the  428 and 78 re g io n  o f X .b o re a lis , T r i tu ru s  c r is ta tu s  
and T r i tu ru s  v u lg a r is .  The techn ique  used i s  radioimmunoassay (R IA ) 
and, w h ile  s im i la r  to  W estern b lo t t in g  i n  re ta rd in g  th e  amount o f 
I - la b e l le d  p ro te ir t-A  bound to  a n tib o d y -a n tig e n  complexes, d i f f e r s  in  
as much as the  a n tig e n s  used a re  non -d e m tu red  RNP p a r t ic le s  a tta ch ed  
to  the  w e lls  o f a ’ s t ic k y ’ p la te .
As the  curves i n  F ig .8 show, a n ti-P 4 8  from  X . la e v is  shows
s im i la r  a f f i n i t y  and a v id i t y  o f b in d in g  to  428 p a r t ic le s  from  
X .b o re a l is , whereas b in d in g  to  the  T r i tu ru s  428 p a r t ic le  i s  much 
reduced. A s im i la r  r e s u l t  i s  seen f o r  an ti-P 43  b in d in g  w ith  l i t t l e  
o r no b in d in g  to  th e  T r i tu ru s  428 RNP f o r  t h is  a n tib o d y . For
a n ti-P 4 0 , b in d in g  to  any p ro te in s  o f  the  78 re g io n  from  any species 
o th e r than  X . la e v is  i s  ve ry  much reduced. A lso te s te d  here was the  
a n tib o dy  a g a in s t T . c r is ta tu s . P48. T h is  shows th a t  l i k e  a n ti-P 4 8  o f 
X . la e v is .  a n tib o d ie s  d ire c te d  a g a in s t the  T r i tu ru s  p ro te in  re a c t on ly  
w i t h in  th e  same genus.
These r e s u lts  may be in te r p r e te d  as a d ivergence between Xenopus
and T r i tu ru s  genera w ith  re sp e c t to  428 p a r t ic le  p ro te in s , and a
d ivergence  between X . la e v is  and i t s  sub-spec ies  X .B o re a lis  w ith  
re sp e c t to  P40.
0C ons is ten t w ith  these in te r p r e ta t io n s  a re  the  r e s u lts  o f 
ra d i olmmunosta i  n i ngs by Western b lo t t in g  ( F ig .9 ) .  The p ro te in  frcra  
the  428 and 7S re g io n s  o f  a sucrose g ra d ie n t were p re c ip i ta te d ,  and 
ru n  ou t on 8D8 g e l,  then  t ra n s fe r re d  to  n i t r o c e l lu lo s e ,  where they 
may become p a r t i a l l y  re n a tu re d . However, the  a n t ib o d ie s  have s im i la r  
a f f i n i t y  o f b in d in g  as shewn by RIA, and i t  i s  c le a r  th a t  the  
X . la e v is  a n ti-P 4 8  re co gn ise s  the  homologous p ro te in  from  X .b o re a lis  
bu t no t from  T .c r is ta tu s  o r T .v u lg a r is . T h is  i s  s im i la r  f o r  a n ti-P 4 3  
( th e  X .b o re a lis  p ro te in  i s  a p p a re n tly  o f s l ig h t ly  h ig h e r m o le cu la r 
w e ig h t) .  8 im i la r  r e s u l t s  a re  ob ta in ed  w ith  the  T .c r is ta tu s  a n ti-P 4 8 , 
w hich o n ly  re cogn ises  i t s  own a n t ig e n  and th a t  o f T. v u lg a r is .
W ith  a n ti-P 4 0 , however, o n ly  P40 from  X . la e v is  i s  recogn ised . 
T h is  i s  c o n s is te n t w ith  the  RIA re s u lts .  I t  i s  a ls o  tru e  o f 
X. b o re a lis  a n ti-P 4 0  which does n o t c ro s s re a c t w ith  X . la e v is  P40 
(P .J .F o rd , pe rs . comm.). Thus the  p ro te in s  th a t  form  a 78 RNP i n  
th e  Xenopus spec ies  have d ive rge d  so much th a t  they a re  no lo n g e r 
recogn ised  by p o ly c lo n a l a n tib o d ie s  a g a in s t the  e q u iv a le n t p ro te in  
from  the  o th e r Xenopus sp ec ies .
The e x is te n ce  o f a 78 RNP in  th e  T r i tu ru s  spec ies  i s  d o u b tfu l,  
s in ce  no RNP peak i s  observed on sucrose g ra d ie n ts  from  
p re v ite l lo g e n ic  o va ry ; th e re  i s  no m a jo r p ro te in  i n  th e  78 re g io n  o f  
t h is  g ra d ie n t ( F ig .10) and no 58 RNA i s  observed a f t e r  phenol 
e x t r a c t io n  (d a ta  no t shown). T h is  does n o t exclude the  p o s s ib i l i t y  
o f a p ro te in  s im i la r  to  P40 o f Xenopus be ing p re sen t i n  much s m a lle r 
amounts, but c e r ta in ly  th e re  i s  no s to rage  fu n c t io n  i f  p re se n t. The 
s i t u a t io n  i n  T r i tu r u s  seems to  be much s im p le r than  Xenopus. Why 
shou ld  Xenopus have two s to rage  p a r t ic le s ?  These f in d in g s  o b v io u s ly
F ig .9 . R ad io-im m unosta in ing o f  RNP p a r t ic le  p ro te in s  from  Xenopus 
and T r i tu ru s  spec ies  us ing  a n tib o d ie s  d ire c te d  a g a in s t P48, P43 and 
P40. (a ) 42S p a r t ic le  p ro te in s  frcm  X . la e v is . X .b o re a l is ,
T .c r is ta tu s . and T .v u lg a r is  im m unostained us in g  an tise rum  to  P48 from 
X . la e v is .  (b ) 428 p a r t ic le  p ro te in s  as i n  (a ) imm unostained us ing  
a n t iserim  to  P43 from  X . la e v is .  (c )  428 p a r t ic le  p ro te in s  as i n  (a ) ,  
immunostained us in g  a n t is e r  im to  P48 from T .c r is ta tu s ;  (d ) 7S 
p a r t ic le  p ro te in s  from  X . la e v is  and X .b o re a lis  and 428 p a r t ic le  
p ro te in s  from  T .c r is ta tu s  and T .v u lg a r is  im m unostained us ing  
a n t i  serum to  P40 from X. la e v is .  Mr, m o le cu la r w e ig h t x lô ^ o f  m arker 
p o ly p e p tid e s .
X I X.b.T.c. Tv. X.I. X.b.Tc. Tv. X.l X.biTc. Iv. X I  X.b T.c Tv.
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F ig * 10. A Coomassie s ta in e d  p o lyac ry lam id e  ge l showing the  p ro te in  
p r o f i le  o f the  p ro te in s  sed im en ting  a t  7 -1 OS from  T .c r is ta tu s  oocyte  
homogenate (7 ) .  No s in g le  m a jo r s ta in in g  band a t  e q u iv a le n t Mr f o r  
the  Xenopus t r a n s c r ip t io n  f a c t o r l l lA  i s  observed. Mr, m o le cu la r 
w e ig h t xIO o f m arker p o ly p e p tid e s .
6 6 " -
4 5 -
2 4 —
M 7
mean th a t  c a u tio n  shou ld  be a p p lie d  to  g e n e ra lis in g  about even ts  
in v o lv in g  these p ro te in s ,  in c lu d in g  th a t  o f in  v i t r o  t r a n s c r ip t io n  
assays, where many he te ro lo go u s  components a re  used (9 4 ,9 5 ).
1:24 P a tte rn s  o f  P ro te in  Presence in  Storage P a r t ic le s  d u r in g
Oogenesis
The r e s u l t s  i n  S e c tio n  1:20 dem onstrate 428 p a r t ic le  
h e te ro g e n e ity  in  o v a r ie s  c o n ta in in g  a r a n ^  o f d i f fe r e n t  
developm enta l s tages o f  oocytes. Since the  428 p a r t ic le s  a re  
c o n tr ib u te d  m a in ly  by oocytes i n  s tages 1 and 2 (6 5 ,9 3 ), i t  i s  
im p o rta n t to  determ ine the  co n te n t o f the  th ree  RNA-binding p ro te in s  
i n  oocytes o f each p a r t ic u la r  developm ental stage w i t h in  th e  same 
ovary .
Ovary was d is s e c te d  frcra  m a tu r in g  Xenopus la e v is ,  and oocytes  
were re le a se d  from  the  t is s u e  by tre a tm e n t w ith  c o l l  age na se as
describe d  in  S e c tio n  1 :4 . In d iv id u a l oocytes were grouped acco rd in g  
to  s iz e  and c o lo u r ,  and n on -o ve rla p p in g  c a te g o r ie s  were s e le c te d  as 
t y p ic a l  o f the  deve lopm enta l stage d esc ribed  by Dumont (7 7 ): stage
1, . c le a r  (0 .1 -0.2m m); stage 2 , w h ite  ( 0 .3 - 0 .4mm); stage 3 , fawn 
(0 .5 - 0 .6mm); stage 4 , b la c k /g re e n  (0 .7 - 0 .8mm); stage 5 , brow n/green 
( 1 .0 - 1 .2mm). Groups o f  400 oocytes from  each stage were hcraogenized 
and f ra c t io n a te d  by c e n t r i fu g a t io n  in t o  lOOxg p e l le t s ,  SOOOxg 
p e l le t s ,  lOOOOxg p e l le t s  and lOOOOxg su pe rn a ta n ts , as described  in  
S e c tio n  1 :4 . The lOOOOxg su pe rn a ta n ts  were la y e re d  on sucrose 
g ra d ie n ts  and f r a c t io n a te d  fu r th e r  in t o  components sed im enting  a t
80S, 428, 7S and le s s  th a n  78 (s u p e rn a ta n ts ) . The f r a c t io n s
c o lle c te d  and used a re  in d ic a te d  in  F ig .11. P ro te in s  were e x tra c te d
F ig .11. P re p a ra tive  sucrose g ra d ie n t s e p a ra tio n  o f hornogenates o f  
oocytes taken  a t  d i f fe r e n t  developm enta l s tages. Low speed p e l le t s  
were taken  from  hornogenates as described  in  S e c tio n  1 :4  and th e  
supe rna tan ts  were fu r th e r  f ra c t io n a te d  in t o ;  ribos<xnes(80) ; 42S RNP 
p a r t ic le s (42) ; 78 RNP p a r t ic le s (7) and g ra d ie n t s u p e rn a ta n t(8 ) as 
shown. The tra c e s  o f absorbance re p re se n t r e la t iv e  amounts o f 
m a te r ia l from  400 oocytes a t  stage 1 (A ), Stage 2 (B ), stage 3 (C)
and stage f  (D ), The tra ce  f o r  stage 4 oocytes i s  e s s e n t ia l y 
in te rm e d ia te  between (C) and (D ).
F ig . 12. Dm nunoblotting o f from  42S p a r t ic le s  and 78 p a r t ic le s  w ith  
a n tib o d ie s  d ire c te d  a g a in s t the  p a r t ic le  p ro te in s  P48, P43 and P40. 
F ra c tio n s  from  horn ogenates o f  oocytes a t  d i f fe r e n t  s tages taken  as 
in d ic a te d  in  F ig .11. Each f r a c t io n  was d iv id e d  in t o  fo u r  (e q u iv a le n t 
to  100 oocy tes) and p ro te in s  were eletibrophoresed and 
e le c tro t ra n s fe r re d  to  n i t r o c e l lu lo s e  as described  in  8 e c t io n  1 :9 . 
A f te r  b in d in g  o f a n tib o d ie s  the  t ra n s fe rs  were re a c te d  w ith  
'^ I - la b e l le d  p ro te in -A . The a u to ra d io g ra p h ic  images a re  lËiown f o r :  
428 p a r t ic le  p ro te in s  frcxn stage 1 to  5 reac ted  w ith  a n ti-P 4 8  (A ), 
a n ti-P 4 3  (B) and a n ti-P 4 0  (C ); and 78 p a r t ic le  p ro te in s  from  stage 1 
to  5 reac ted  w ith  a n t i-P 4 8 (D ), a n ti-P 4 3  (E ) and a n ti-P 4 0  (F ) .
P os tions  o f the m ajor a ta in in g  p ro te in s  P48, P43, P40 and the
cleavage p roduc t P33 (see te x t )  a re  in d ic a te d .
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f ro n  each f r a c t io n ,  separa ted , in  t r i p l i c a t e ,  by SDS/polyacrylam ide 
g e l e le c tro p h o re s is ,  t ra n s fe r re d  t o  n i t r o c e l lu lo s e  and im m unoblotted  
u s in g  the  a n tib o d ie s  ra is e d  a g a in s t each o f the  5S RNA-associated 
p ro te in s ,  P48, P43 and P40, A ntibody b in d in g  was assayed by re a c t io n  
o f  the  im m unoblots w ith  '’" ^ I - la b e lle d  p ro te in -A  fo llo w e d  by 
au to rad iog raphy* Components were id e n t i f ie d  by com parison w ith  
sample tra c k s  s ta in e d  w ith  Coomassie b lue* Unless o th e rw ise  s ta te d , 
each tra c k  re p re s e n ts  the  re a c t io n  g iv e n  by m a te r ia l from 100 
oocytes* The l i m i t  o f d e te c t io n  by the  procedures used i s  
a pp ro x im a te ly  lOng p ro te in *
F ig .12 shows a u to ra d io g ra p h s  re p re s e n tin g  le v e ls  o f  b in d in g  o f  
^ - la b e l le d  p ro te in -A  to  im m unoblots o f 428 RNP p ro te in  and 7S RNP 
p ro te in s  re a c te d  w ith  a n ti-P 4 8 , a n ti-P 4 3  and a n ti-P 4 0 . In  t h i s  
a n a ly s is ,  P40 i s  de te c ted  o n ly  in  m a te r ia l sed im en ting  a t  about 78, 
and m a in ly  from oocyte stages 1 and 2* Th is  i s  s im i la r  to  r e s u l t s  
re p o r te d  e lsew here (9 6 ), where the  le v e l o f t h is  p ro te in  in c re ase d  
o n ly  s l ig h t ly  d u r in g  stage 1 th rough  to  stage 2 , and d e c lin e d  to  le s s  
than  5% o f  i t s  peak va lue  by stage 6* However, t h is  o th e r  a n a ly s is  
was done on t o t a l  oocyte  homogenates and n o t on RNP p a r t ic le s  
separa ted  in t o  se d im e n ta tio n  c la sse s  as here*
Of the  428 RNP p a r t ic le  p ro te in s , P43 i s  d e te c ted  o n ly  in  the  
428 f r a c t io n  is o la te d  from  stages 1 and 2* The o th e r 428 RNP 
p ro te in ,  P48, i s  d e tec ted  a ls o  d u r in g  stages 1 and 2, and g e n e ra lly  
a ls o  in t o  stage 3 . These r e s u l t s  a re  c o n s is te n t w ith  the  p a tte rn  o f 
appearance and disappearance o f the  428 and 78 RNP sto rage  p a r t ic le s  
(6 5 ). In  a d d it io n  to  d e te c t io n  o f P48 in  428 p a r t ic le s ,  a n ti-P 4 8  
re a c ts  w ith  a p ro te in  o r Mr 33000 (P33) in  th e  78 f r a c t io n .  In
c o n tra s t to  the  P48 p a tte rn ,  P33 appears a t  stage 2 and in c re a s e s  in  
amount up to  the  end o f  the  oogenic p e r io d . In  gene ra l th e re  i s  a 
re c ip ro c a l r e la t io n s h ip  between th e  r e la t iv e  amounts o f  P48 in  428 
p a r t ic le s ,  and o f P33 in  78 p a r t ic le s .
None o f the  p ro te in s  con ta ined  in  g ra d ie n t f r a c t io n s  sed im enting  
a t  le s s  than  78 ( th e  supe rna tan ts  i n  F ig .11) re a c ts  i n  th e  imm unoblot 
assay w ith  any o f the  th re e  a n t ib o d ie s  (da ta  no t shewn). T h is  i s  
tru e  o f a l l  oogenic s tages and a ls o  o f supe rna tan ts  frcm  hem oge nates 
o f  t o t a l  ovary c o n ta in in g  v e ry  sm a ll (<0.1mm) oocy tes . I t  must be 
concluded th a t  a t  no tim e  d u r in g  oogenesis a re  th e re  s u b s ta n t ia l
amounts o f s o lu b le  P48, P43 o r P40.
The above r e s u l t s  re la te  to  m o rp h o lo g ic a lly  d is t in c t  s tages. 
However, i t  was o f  in te r e s t  to  de term ine w hether these p ro te in s  cou ld  
be d e tec ted  ve ry  e a r ly  in  oogenesis where the  stage 1 oocytes a re  
le s s  than  5Qum in  d iam e te r, as t h i s  may have a b ea rin g  on a s c r ib in g  
fu n c t io n s  to  these p ro te in s  i n  r e la t io n  to  the  e a r ly  re g u la t io n  o f 58 
and tRNA s y n th e s is . For t h is  a n a ly s is ,  o v a r ie s  from  tw enty Xenopus 
a t  3 months postm etam orphosis were processed as described  above, to  
is o la te  428 and 78 RNP p a r t ic le s  ( F ig .1 3 ). These f r a c t io n s  were 
d iv id e d  in t o  th re e  and ana lysed  u s in g  th e  im m un o b lo ttin g  techn ique  
w ith  a n ti-P 4 8 , a n ti-P 4 3  and a n ti-P 4 0 . The r e s u l t s  a re  shewn in  
F ig .14.
Using a n ti-P 4 3 , no p ro te in  bands can be seen re a c t in g  w ith  t h is
a n tib o d y , in d ic a t in g  th a t  no P43 i s  p resen t a t  t h is  s tage , o r a t
le a s t  i s  below the  le v e l o f d e te c t io n  us ing  t h i s  method. P48, 
however, i s  d e te c ta b le  i n  th e  428 re g io n  o f t h is  g ra d ie n t,  and a ls o
F ig . 13. F ra c t io n a t io n  o f  RNP p a r t ic le s  frcm  immature oocytes. 
Homogenate8 o f o v a r ie s  c o n ta in in g  oocytes no g re a te r  than  50/im in  
d iam ete r were separa ted on 15-40% sucrose g ra d ie n ts . A p a r a l le l  
sucrose g ra d ie n t c o n ta in in g  a homogenate o f stage 1 oocytes was used 
to  lo c a te  the  p o s tio n  o f r ibosom es(80 ), 428 p a r t io le s (4 2 )  and 78
p a r t ic le s ( 7 ) .
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F ig , 14. Jjranunoblotting o f p ro te in s  from  428 p a r t ic le s  and 78
p a r t ic le s  w ith  a n tib o d ie s  d ire c te d  a g a in s t the  p a r t ic le  p ro te in s  P48, 
P43 and P40. F ra c t io n s  from  a honogenate o f oocytes le s s  tha n  50um
in  d iam ete r were taken  as in d ic a te d  i n  F ig . 13. P ro te in s  were
e le c tro p h o re se d  and e le c tr o t ra n s fe r r e d  on to  n it r o c e l lu lo s e  as
described  i n  S e c tio n  1 :9 . A f te r  b in d in g  o f  a n tib o by  the  t ra n s fe rs  
were re a c te d  w i t h I - l a b e l l e d  p ro te in -A . (A) 428 p a r t ic le  and 78
p a r t ic le s  im m unoblotted w ith  a n ti-P 4 8 ; (B) 428 p a r t ic le s  and 78
p a r t ic le s  im m unoblotted  w ith  a n ti-P 4 3 ; (C) 428 p a r t ic le s  and 78
p a r t ic le s  im m unoblotted w ith  a n ti-P 4 0 . M o le cu la r w e ig h t o f 
im m unosta in ing  bands (x IO ^) a re  in d ic a te d .
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i r  t h e  78 r e r i o n .  P40 i r  r o t  d e t e c t a b l e  I r  t h e  42S re ^ i  or.  or i r  the  
7S r e p i o r .  I t  ” oulc! e p r e a r  t h a t ,  whnt.over t h e i r  f ' r n o t i o r ? .  M o  
beconep mope mbundert r o o r e r  then ML) or M 3 erd t h e  co'T'noM t i  o r  of  
42S end 7S r n r t i o l e a  a t  v e rp  e?>rly o o y o r e r j r  j p d i f f e r e n t  f r c n  t h a t  
t ound a t  mid otape 1 and a t  e ta re 2 .
1:25 f r o t e c l y t i o  Cleavepe of P4o
I t  hao been r e p o r te d  p r e v i o u r l y  (o5 )  t h a t  excepo 58  # A  r e r r i r t r  
I n  l a t e  oocvtep i n  t h e  form of an fiî'iP p a r t i c l e .  here  I t  i p  
deraonpirated t h a t  233 a r n a r e n t l v  i r  aoonmulated i r  m a t e r i e l  
p e d im e n t i r o  a t  about  78. ih.at  233 i n  »ppocdated w i t h  58 WA I p  
pu^restep f r a ” two typ es  o f  e xper im ent ,  f i r s t ,  a n a l y s i s  o f  f r a c t i o n s  
a cro ss  the  78 peak (dote  r o t  shawr) i n d i c a t e s  a s i m i l a r  d i s t r i b u t i o n  
o f  233 and 58 M A ,  and a d i f f e r e n t  d i s t r i b u t i o n  of  both from tKNA. 
Second, i n c u b a t i o n  o f  m a t e r i a l  f r a n  the  78 f r a c t i o n  o f  s t a r e  5 
oocytes  w i t h  a n t i - 2 4 8  bound to  r r o t f i n  A-sepharose beads r e s u l t s  i n  
the  s e l e c t i v e  p r e c i p i t a t i o n  o f  58 M A  ( f ' i y .  1 5 ) .  In c u b a t i o n  of the  
a r t i - 2 4 8  beads w i t h  the 78 f r a c t i o n  o f  stape 1 oocytes  r e s u l t s  i r  no 
p r e c i p i t a t i o n  o f  58  hNA. presumably because the  58 M A  a t  t h i s  e a r l y  
staye i s  a s s o c i a te d  w i t h  MO r a t h e r  than 233.
When M Ü  ( ï  ran I r i  t u r n s )  i s  i s o l a t e d  bv r c i  e l e c t r o p h o r e s i s  and 
e l u t e d  f rom th e  pel  i n  U . l n  i\iaCl. 1/, 8D8 , c leovaoe of  248 to 233 (a 
v a r i a b l e  amount) can be observed ( 2 i y .  16, l a n e  3 ) .  T h is  
f r a g m e n t a t i o n  accounts  f o r  t h e  observed r r o t e i r / M A  b i r c i n r  data  (see  
2 i r . 2 A ) .  Cleavaye of  248 has a l s o  been observed i n  th e  i s o l a t e d  428  
p a r t i c l e  ( 2 i r . 4 ) ,
F ig ,15. S e le c tiv e  im m u n o p re c ip itio n  o f 5S RNA from  stage 5 oocytes
w ith  a n ti-P 4 8 . RNA was e x tra c te d  from  sucrose g ra d ie n t f r a c t io n s
c o n ta in in g  a p p ro x im a te ly : 52ug 428 RNP p a r t ic le s  from  stage 1
Î
oocytes (lane  ; ^lO O ug o f RNP m a te r ia l sed im en ting  about 78 from  
stage 5 oocytes (la n e  5 ) and separa ted by g e l e le c tro p h o re s is .  
E q u iv a le n t amounts o f m a te r ia l from : 428 p a r t ic le s  (la n e  2 ) ;  78
p a r t ic le s  from  stage 1 oocytes (la n e  4 ) ;  78 m a te r ia l from  stage 5 
oocytes (la n e  6) were in cu ba ted  w ith  a n ti-P 4 8  lin k e d  to  p ro te in -A  
86 ph a rose. The immuno p re c i pa ted  m a te r ia l was used f o r  RNA e x t r a c t io n  
and a n a ly s is  o f  RNA spec ies  as f o r  t o t a l  RNA. A f te r  e le c tro p h o re s is  
th e  g e l was s ta in e d  w ith  e th id iu m  bromide (1Opg/ml) and photographed 
on an u l t r a - v io le t  l i g h t  box. The p o s tio n s  o f  58 RNA and tRNA are  
in d ic a te d .
f i r . j p .  8 r l ^ o t i v r  i ’^ n UP oprc r i  Pi t i  cp r f  38 KI A^ I'rom r t p pe  5 onoytcF  
w i t h  î > r t l - r 4 ü .  M A  " r F cxtrr-ct-'=‘d t rom ru c ro r»  r r p d i o r t  f r ^ o t i  opp 
c o p t c i r i p r  a n r r o x i m c t o l v  : 52ur  423 M 2  r c r t l o l o r  from rt^.rç 'j
rr.cvt«=“p ( l a p »  3)  ; lOOvir o f  M 2  nrntor i?]  r c d l r n o r t i r r  cbcut  78 from 
Pt^rp 5 ro c v fa p  (Ipp.o b) ^Pd r e r o r c t r d  by r » i  o l p c t r o p h o p r r i r .  
r - o u l v ' l o r t  a tnourtr  of  m a t e r i a l  î r m  : 428 p a r t i e l  or ( l a p e  2 ) ;  78
p a r t i o l p p  i ' rr~ r t a r o  1 a r o v t e r  ( l a p p  4 ) ; 78 m e t e r l a i  t r m  p toro b 
r r c v t e r  ( I  ape o )  were i r r u b a t o c ’ w i t h  a n t i  -  24 Ü 1 i r k e d  to  p r c t e i r - A  
re p haro ro .  The im m ur opre ci r a to d  n o t a r i a l  war ured f o r  hNA e x t r a c t i c r  
ord a p p i v r i r  nf  if\A r r e o i e r  op I 'or t o t a l  M A .  Ai t e r  e l e c t r o p h o r e e i  e 
th e  r e l  ; ; r r  r t a f r e d  w i t h  a th id iv r :  b r m i o ' r  ( iOuy/r . l )  = no photorre phed  
or p.r u l t r a - v i o l e t  l i r h t  box. The r o o t i o n p  o f  58 M A  erd t M A  e r e  
i ’-d io - ' ted .
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F ig .16. Cleavage o f P48 to  P33 from is o la te d  P48 from T .o r is ta tu s . 
428 p a r t ic le s  were prepared from  oocytes o f T. c r is ta tu s  as described  
i n  S e c tio n  1 :4 . A f te r  s e p a ra tio n  o f the  428 p a r t ic le  p ro te in s  by 
p re p a ra tiv e  g e l e le c tro p h o re s is ,  the  p ro te in s  were lo c a te d  by 
s ta in in g  a s t r ip  o f  the  g e l lane  w ith  Coomassie- b lu e . The bands 
were then  removed from  the  p re p a ra tiv e  la n e s  and e lu te d  in  0.1M NaCl, 
\% 8D8, 2mM MgCl and 5mM 2 -m ercap toe thano l f o r  l6 -2 4 h r  a t  room 
tem pera tu re . The e lu te d  p ro te in s  were re p re c ip i ta te d  and ru n  on an 
a n a ly t ic a l po lyacry lam ide  g e l.  lane 1, is o la te d  P43; lan e  2 , 
is o la te d  P48. Both p ro te in s  m ig ra te  s low er a f t e r  is o la t io n  due to  
s a l t  p resen t fo l lo w in g  r e p r e c ip i t io n  o f the  p ro te in s  from  e lu t io n  
b u f fe r .  M o lecu la r w e ig h t o f bands (tim e s  10 ^  ) in d ic a te d .
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P33 can be d e r iv e d  frcxn is o la te d  428 RNP p a r t ic le s  by in c u b a tio n  
o f  the  p a r t ic le s  w ith  a supe rna tan t f r a c t io n  frcxn homogenized stage 3 
oocytes (F ig . 1 7 ), and s in ce  t h is  cleavage can be p reven ted  by the  
a d d it io n  o f the  p ro tease in h ib i t o r ,  PMSF (A.Lomas, persona l 
com m unication), i t  seems reasonab le  to  assume th a t  P33 i s  produced 
from  P48 th rough  a s p e c i f ic  p r o te o ly t ic  cleavage as a n a tu ra l event 
o f oogenesis. O cca s io n a lly , a second p u ta t iv e  cleavage p roduct o f Mr 
11000 i s  d e tec ted  i n  428 p a r t ic le s  by im raunob lo tting  u s in g  a n ti-P 4 8 .
1:26 Presence o f 8to rage  P a r t ic le  P ro te in s  i n  th e  Nucleus
One c e l lu la r  compartment i n  w h ich  58 RNA a sso c ia te d  p ro te in s  
p la y  a c r i t i c a l  r o le  i n  th e  m etabolism  o f 58 RNA and p robab ly  tRNA i s  
w i t h in  the  nuc leus. P40 has a lre a d y  been c h a ra c te r is e d  as a
t r a n s c r ip t io n  fa c to r  (T F II IA )  o f  58 RNA genes w h ich  has th e  dual 
a b i l i t y  to  b ind  to  th e  in te r n a l  prom otor and to  th e  t r a n s c r ip t  o f the  
same genes (9 4 ,9 7 ,9 8 ). In  o rd e r to  assess th e  s ig n if ic a n c e  o f 
n u c le a r lo c a t io n ,  oocyte  n u c le i were is o la te d  m anua lly  in t o  a medium 
w hich  causes g e l l in g  o f the  nucleoplasm  ( to  p reven t le a c h in g  o f 
s o lu b le  components), and th e  n u c le a r p ro te in s  were im m unoblotted  
u s in g  a n t i-P 4 8, a n ti-P 4 3  and a n ti-P 4 0 . S u rp r is in g ly ,  P40 was no t 
d e te c ted  as a m a jo r n u c le a r p ro te in  under c o n d it io n s  where P48 i s  
d e te c ted  as a n u c le a r p ro te in ,  p r im a r i ly  d u r in g  s tages 1 and 2 
(F ig .1 8 A ,C ). D uring  these stages the  syn th e s is  o f  58 RNA and tRNA i s  
a m a jo r fe a tu re  o f oocyte  a c t i v i t y .  I t  i s  reasonab le  to  suppose th a t  
P48 p la y s  a p a r t  i n  th e  n u c le a r m etabolism  o f 58 RNA and p o s s ib ly  
tRNA, e i th e r  by 1) fu n c t io n in g  d i r e c t ly ,  o r as an a u x i l ia r y  p ro te in ,  
in  t r a n s c r ip t io n  o f 58 RNA and tRNA genes; 2) s t a b i l i z a t io n  o f RNA
F ig .17. P ro du c tio n  o f an M r-33000 p o ly p e p tid e  from  is o la te d  42S RNP 
p a r t ic le s .  P re v ite l lo g e n ic  ovary was in cu b a te d  w ith  '^C- la b e lle d  
amino a c id s  ( lO pC i/m l 57C i/m o l) as described  in  S e c tio n  1 :4  and 428 
p a r t ic le s  were is o la te d  as shown i n  F ig .11, Equal amounts (%ug) RNP 
as g ra d ie n ts  f r a c t io n s  were in cu b a te d  a t  18*C f o r  I8 h r  i n  th e  absence 
(la n e  1) and presence (lane  2) o f  hcmogenate d e r iv e d  from  f iv e  
u n la b e lle d  stage 3 oocytes . P re c ip ita te d  p ro te in  was ana lysed by 
fVuorography o f an SD8- po lyacry lam ide  g e l.  Mr va lu e s  (tim e s  10 ^ ) 
f o r  the  la b e lle d  bands a re  in d ic a te d .
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F ig . 18. Immuno b lo t  t in g  o f p ro te in s  f ro n  is o la te d  n u c le i w ith
a n ti-P 4 8 ; an ti-P 43  and a n ti-P 4 0 . (A) R eac tion  o f a n ti-P 4 8  w ith  
p ro te in s  from  60 n u c le i o f stage 1, 2 and 3 oocytes , lane M i s  the  
re a c t io n  w ith  42S p a r t ic le s  used as m arker. (B) as f o r  (A) b u t us ing  
a n ti-P 4 3 . (C) as f o r  (A) b u t us ing  a n ti-P 4 0  and 7S RNP as m arker. 
Mr va lues  (tim e s  10*^  ^ ) f o r  the  la b e lle d  bands a re  in d ic a te d .
stage
M 1 2 3  M 1 2 3  M 1 2 3
a b c
48-
43-
28- 40-1
an t i-P48  an t i-P 43  anti -P40
Gm olecu les w i th in  th e  n uc leu s ; o r 3) t ra n s p o r t  o f RNA m o lecu les  to  the  
cytop lasm .
However, in  t h i s  same a n a ly s is ,  P40 i s  d e tec ted  la t e r  a t stage 3 
(F ig . iS C ) and in  m ature oocytes (9 9 ). P43 i s  no t de te c ted  as a m a jo r
n u c le a r a n tig e n , y e t  a n ti-P 4 3  b in ds  a p ro te in  o f Mr 28000 from the 
n u c le a r f r a c t io n  o f oocytes w h ich  have developed th rou g h  stage 2 
(F ig .1 8 b ) .  T h is  o b s e rv a tio n  w i l l  be d iscussed below.
1:27 I d e n t i f i c a t io n  o f  A d d it io n a l P ro te in s  Which May B ind  58 RNA and 
tRNA
The a b i l i t y  o f p ro te in s  to  b in d  58 RNA o r tRNA may not be 
co n fin e d  to  th e  s to rage  p a r t ic le  p ro te in s  d esc ribe d  here . For 
in s ta n c e , w ith  re sp ec t t o  th e  ribosom e o f r a t  l i v e r ,  se ve ra l p ro te in s  
have been id e n t i f ie d  w ith  the  a b i l i t y  to  b ind  58 RNA (100 -102 ). The 
id e n t i f i c a t io n  o f such p ro te in s  i s  im p o rta n t because they may have an 
e f f e c t  on t r a n s c r ip t io n  i n  a d d it io n  t o  t h e i r  r o le  i n  th e  t r a n s la t io n  
m ach ine ry.
Two expe rim en ts  were perform ed to  id e n t i f y  o th e r p ro te in s . 
F i r s t ,  t o t a l  hemogenates o f  oocytes were ana lysed by im m unob lo tting  
to  check th a t  the  e n t i r e  s e r ie s  o f  p re cu rso rs  and p ro d u c ts  o f P48, 
P43 and P40 had been id e n t i f ie d .  The presence o f p ro te in s  th a t  b ind  
a n ti-P 4 0  i s  the  s im p le s t to  d e sc r ib e , f o r  i n  t o t a l  hornogenates the  
on ly  p ro te in  d e tec ted  i s  P40 i t s e l f ,  which i s  a m a jo r component on ly  
in  stages 1 and 2 (F ig . 19C), which i s  n o t e n t i r e ly  c o n s is te n t w ith  
s im i la r  experim ents c a r r ie d  o u t by o th e r w o rke rs  (1 0 3 ). A n ti-P 4 8 i s  
bound by P48 in  s tages 1 and 2 and, o c c a s io n a lly , in t o  stage 3 . In
F ig . 19. Immuno b lo t  t in g  o f  p ro te in s  from  whole homogenates o f  oocytes 
w ith  a n ti-P 4 8 , a n ti-P 4 3  and a n ti-P 4 0 . 100 oocytes o f each stage 1 to  
5 were s e le c te d  and homogenised. G lyce ro l to  10$, 2 -m ercap toe thano l 
to  5mM and SDS to  ^% were added and th e  samples prepared f o r  
e le c tro p h o re s is .  (A) R eac tion  o f a n t i-P 4 8 w ith  t o t a l  oocyte p ro te in ,  
s tages 1 to  5 . (B, C) as (A) b u t us ing  a n ti-P 4 3  and a n ti-P 4 0
re s p e c t iv e ly .  Mr va lu e s  ( tim e s  10 ^ ) f o r  the  la b e lle d  bands a re  
in d ic a te d .
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a d d it io n ,  a o rc s s - re a c t in g  p ro te in  o f Mr 57000 appears a t  stages 2 
and 3 (F ig ,1 9 A ) b u t i s  lo s t  la t e r ,  (T h is  la t e r  p ro te in  i s  presumably 
the  one id e n t i f ie d  i n  p e l le te d  f r a c t io n s  (F ig .1 9 A ).)  The presum ptive 
cleavage p roduct o f P48, P33 i s  p o o rly  rep resen ted  i n  oocytes taken  
from  the  anim al used f o r  t h is  s e t o f experim ents  (see ’ D is c u s s io n * ). 
In  us ing  a n ti-P 4 3  w ith  t o t a l  hcmogenate p ro te in , the  on ly  m ajor 
spec ies  id e n t i f ie d  a re  P43 and a d o u b le t a t  Mr 17000 and 20000, The 
lo w e r band i s  m a in ta in e d  i n  in te n s i t y  from stages 2 to  5 and has the  
c h a r a c te r is t ic s  o f  the  p u ta t iv e  cleavage p roduct (P17) th a t  i s  
a sso c ia te d  w ith  ribosom es (see b e low ). In  a l l  homogenates prepared 
from  stages4 to  6 th e re  may be some lo s s  o f m a te r ia l due to  the  
n e ce ss ity  o f rem oving th e  la rg e  amounts o f y o lk  by se d im en ta tion
(50xg f o r  2 m in. ) p r io r  to  e le c tro p h o re c t ic  s e p a ra tio n .
The second type  o f experim ent was to  in cu ba te  t ra n s fe rs  from 
p ro te in  g e ls  w ith  ra d io la b e lle d  58 RNA o r tRNA, The ra t io n a le  i s  
t h a t  re n a tu r in g  p ro te in  m o lecu les  m ig h t re g a in  s p e c i f i c i t y  f o r  RNA 
b in d in g  (8 5 ), N o n sp e c ific  b in d in g  i s  b locked by adding excess
amounts o f o th e r RNA sp ec ies  i n  a n o n ^ la b e lle d  fo rm . The r e s u lts  o f 
t h is  experim ent a re  shewn in  F ig .20, Using 58 RNA as th e  probe, a l l  
o f the  p ro te in s  a lre a d y  im p lic a te d  in  58 RNA m etabolism  are  
id e n t i f ie d  by t h is  p rocedure , a lthough  the  p ro te in  o f  Mr 28000 (P28) 
which a n ti-P 4 3  re cogn ises  i s  e v id e n t o n ly  in  th e  t o t a l  oocyte p ro te in  
and may have r e la t iv e ly  l i t t l e  b in d in g  c a p a c ity . The o n ly  a d d it io n  
i s  a group o f ribosom al p ro te in s  i n  th e  range Mr 10000-20000. Thus, 
th e re  i s  no evidence f o r  a la rg e  re p e r to ire  o f p o te n t ia l 58
RNA-binding p ro te in s .
i-ip-.kiO. u i r d i r r  of  r o d i o l o b ^ l l o d  bL hi;A to  r r o t o i r r  f r r rv  f r a c t i o n ?  
of  t r ^ o r p r i % e f  oo o yto r .  üÜÜ r t a r e  2 o o c y tc r  y o r o  h m r r c r i z o d  ord ore  
t h i r d  o f  r.h” rcT"r'-nr?'t=’ v^? r' '®d f o r  t o t o l  r r o t e i r  ( l ^ r o  1 ) .  The 
r e n e l r d e r  of  the h c r o r e r o t e  w e ? ceperpted i r t o  c o r t r i f r o m t i o r  
i r e o t i o r r  t 'or o r c t e f r  c l ' ^ c t r o r h o r c c i  r  o r  f  o l l n v r  : ( l« n e ? 2  end 3)
p e l l e t ?  2 erd 3 o? d e f j ’^ ed i r  S e c t i o n  1 :4 ;  ( lo p e  4 ) uüS r ibosome?;  
l l ^ r e  ^ ) 42S p a r t i c l e s ;  ( l a p e  b) ( S p e r t i o l e ? ;  ( l e p e  V) o r p e r r a t a r t .  
Alter* t r o p s i e r  ef  n p r t o i r ?  to  r i  i r o c e ]  1 r l  ope. the t r e r s f e r  we? 
reeonec’ v j i t h - I s b e l l e d  bS hi'iA ( U . l u r .  ~4y1ü pnm) fop 1 rp  thep  
vehec t h r e e  t i n e ?  b e fo re  rp  an to p ad io r ra p h  r-o? produced u i t h  a t h r e e  
dav eyporure .  L r  v e lp p s  ( t im e ?  1u ^ ) fop l a b e l l e d  band?
ccr reo p op c ip n  t o  r r o t e i r ?  des cr ibed  i r  the  t e x t  ^pp i n d i c a t e d .  Each 
l ape  con ta in?  th e  amoppt ol’ r r o t e i r  r r e s e p t  i n  2 0 0  ooca.rte? f r o n  the  
I ' r - e r t i  or? t a k e r .
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ü s i r r  tHEA as th e  l a b e l l e d  probe,  both 143 and i 4 b  b i r d  t h e  AiiA 
t o  rone e x t e n t  (143 i ?  v a r i a b l e ) ,  o o r s i e t e n t  w i t h  the  r e c o n s t i t u t i o n  
e x o e r i m e r ts  d es cr ib ed  i n  S e c t i o n  1 :1 9 .  I n  t h e  y s r e o io n  o f  a sucrose
r r a d i e r t  t h e r e  i s  b i r d i r r  of  the tKEA, t h i s  occurs w i t h  a r r o t e i r  of
h r  450 00 .  T h is  I s  pro bab ly  pot 140 ( r i p . 2 1 ) .  b i r d i r r  occurs  t o
s n a i l  r ibosomal  p r o t e i n s  up t o  bip 20000.  A n a l y s i s  o f  these
i n t e r a c t i o n s  have pot  beep c a r r i e d  out  f u r t h e r .
1:2b U t i l i z a t i o n  of  S to ra ge  P a r t i c l e  P r o t e i n  i n  Bi bo some Formatio-n
h e i t h e p  a n t i “ l4 o  nor a n t i - i 4 û  r e a c t s  i n  im n u n o b l c t t i  n" assays  
w i t h  any of  the  r ibosomal  p r o t e i n s .  Ha-zm/ep, a n t i - m S  binds to  two 
p o l y p e p t i d e s ,  o f  h r  2 üU00 (12 b )  and 17000 ( 1 1 7 ) .  both con ta ined
w i t h i n  the  m a t e r i a l  sed im ent i no  a t  oOS ( F i y . 2 2 A ) .  A component of  hr  
2o000 i s  d e t e c t e d  u s i n e  a n t i - 1 4 3  o c c a s i o n a l l y  i n  m a t e r i a ]  s e d i m e n t i n r  
a t  42S, but only  at  s t a r e s  when t h e  428  sto rapo  p a r t i c l e s  a r e  p re sent  
( F i e . 2 2 b ) .  A v e r v  s i m i l a r  component i s  d e f e c t e d  a l s o  i n  the  
s ed im e n ta t i o n  cut  tak en  between lOOxa and 3000xo ( P e l l e t  2 )  but  not  
i r  the cut taken  about  SOOOxm ( r ' i c . 2 3 b ) .  S ince a m a i c r  c o n s t i t u e n t  
o f  P e l l e t  2 i s  n u c l e o l u s .  a P o s s i b l e  e x p l a n a t i o n  o f  these  
d i s t r i b u t i o n s  i s  t h a t  12 b and i l Y  a r e  c l  cava re  p ro ducts  d e r iv e d  f  rcn 
1 4 3 T enc t h a t  f2o  i s  a s s o c i a t e d  w i t h  n u c l e o l i  or w i t h  e x t r a - n u c l e o l a p  
m a t r i x  as an i n t e r m e d i a t e  s te p  i n  th e  t r a n s f e r  of 58  M A  f r o -  428  
s to ra pe  p a r t i c l e s  t o  r ibosomes.  A p o s s i b i l i t y  e x i s t s  t h a t  i 2 b  may 
have a f u n c t i o n  i n  r ib osom al  M A  p r o d u c t io n .  T h is  i s  surmested by 
t h e  i n c r e a s e  i n  amount of  12o i n  p e l l e t  2 on p-oino f rom s ta r e  1 to  
s t a r e s  2 and 3 .  and t h i s  in c r e a s e  compl iments th e  t i m i n ^  o f  n u c l e o l a r  
development  ( f 1 f - . 2 3 C ) .
i - i r . 2  1. L d r d i r ^  o f  r a d i o l  r ciei] rd  tiujA to  r r c t e i r s  from f r a o t i o r s  o f
honor?;?.] red  o o c v te s .  r r o v i  t e l l  o r e r i  c ovarw  w^? h m o r » r i f s » d  a rd
s o r a r a to c  i r t o  f r a c t i o n s  as f o l l o w s :  l a n e  1. /S; l a n e  2 ,  1 08 -2 58 ;
lone  3. 428 p a r t i c l e s ;  l a n e  h . 42S-c08; l a n e  5. üu8 r ibosomes:  lapo
o. - r e r t e r  t n ' r  ou8. A f t e r  t r a n s f e r  of  p r o t e i n ?  t o  n i t r o c e l l u l o s e .
the t r a n s f e r  war r e a c te d  w i t h  r - l a b e l l e d  tnhA and a u to r a d i o g r a p h  t:?s
-3produced. i .r  v a lu e s  ( t im e s  10 ) i o r  l a b e l l e d  bards corresp on d in g
to  ’'T o t ^ i r s  c ap cr ib ^ d  i r  th e  te>“t  ape in d ic a t e d .
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F ig .22. Im m unob lo tting  o f  p ro te in s  f ro n  ribosom es and 42S p a r t ic le s  
w ith  a n ti-P 4 3 . (A) Comparison o f riboscm ial p ro te in s  (80S) and 
s to rage  p a r t ic le  p ro te in s  (42S) ta ke n  from  the  same p re p a ra tio n s  o f 
stage 2 , 3 and 4 oocytes showing c ro s s - re a c t in g  bands a t  Mr 28000 and 
17000. (B) The occas iona l occurr<w\c«. o f the  Mr 28000 band i n  428
p a r t ic le s  from  stages 1 and 2.
Stage  
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i r  rrarti*"'" "r t i - m o  with th e  I 'rart i  r r ?, a ya-i??
r d d i t i n r a ]  oomrr>*-'a?f i  ? r e f e c t e d  w i th  i-ir 57ÜOO ( r i r .  23A).  The m i v  
a d c i r i r n a ]  i r f  en or t h i s  r r c t f i r  i ?  th^t  i t  i r  l o c a t e d  ] n th e
l b  r é g io n  i r parl y  o o c v t e ?  ( i - i e .  ]*+) arc raric l' ' '  r e d lr r r r t i r e  m a t e r i a l .  
Arti - t '40  r m o t r  w i th  ne?» r f  the  r -1 l e t  f  raot i  onr f  ror» i ?rd 2
ooovt o r.
f  i l  h r p beor i  a y r c  f n  the  r i r r l r  r-prvit-e r i b r r o ^ ^ ]  ^re to j»-  
L h r t  c r o r r - r e a o t r  w i t h  a r t i - m j  i r  i r y e r t i r a t e  1»- wh ich r i b e r o ^ r i  
r u b u r i l  1 V( w?*-’ l o c r t r d .  r ibo'^omrr Trere f r o n  y r t r r r  r y r r ' r
ihii  ch o o r t r i  red a i r r y r  c o r t r i b u t i  rp of r i b r r n n o r  r ro"* w a t r r r  
oo o y te r .  ihef.o r i  bro oder  w r r r  c o l l e c t e d  n r  nr oOb n o n o m < - ’ r ^ r k  i 'ro-i 
5 ru o ro re  r r a c l i e r t ,  t h r -  r f l ] r t e c  bu c e p t r i  fupa t i  or n t  lOÛûûÙxr f r r  
2 hr .  i h r  r f ' l l o t r  w r p r  thpp r a i s e d  i r  n bri  i e? p o r t a i  ni r r  c i t h e r  u .b E  
ipnCl or SOpi'i KDTA, both the  t r o a t n e r t r  on ns i  ro  r ibosome d i f p o o i a t i e n  
i r t o  i t s  c o n s t i t u e n t  4uS =n(. bOS rubur i  t.r v i t .h  « nmomt of  a f b
comnonort ( r ' l o . 2 4 ) .  i h e  r r o t e i r ?  i r  t l ic ra  r u b u n i t s  were  r p m r n t e d  or  
an S D 8 -n o ly n crv ]  n-Tiide onl nnr immunoblot ted u s i r r  a r t i - f 4 3 .  i i o, 25 
phowr t h a t  r lV i r  l o c a t e d  c r l v  i  r  rpp i r t n o t  uU8 in or o row • and th a 508  
rubun i  t .  uoir<~ e i t h e r  t r e a tm e n t  to  re rnrat -e  the r ibororw- l  r u b u r i t s .  
A P r i l y r l r  o f  Ànrcrur.  l i v e r  r i  boromol r r o t e i r  tv  immunobl ot  t i  r*-
roye-n] rd n r r o t e i r  o f  rp r ro y im r- tw lv  .iC 17000 r e a p t i r r  :Ti th a p t i - ^ y j  
t i ' l o . 2 o ) .  T h is  o b s e r v a t i o n  dem onstr at o r  t h a t  217 i s  r o t  e onmrn^crt  
r a c u l i a i -  to  o o c v t r s .  i h u r  i f  f l 7  i s  r e a l l v  a o le pvarp  r ro d u c t  of  The 
5 8 - III; A b i r d i r r  r r o t e i r  243 th ore mrv -  oo-a-ior mcps r'- i  wi f o r
2 r c o r r c r a  t l  on of 58  M A  i r t o  r ib n s c^ e ^  o f both somat ic c e l l   ^ - p f  
o o c y t e s .  f r c a t m e r t  of r e t  l i v ^ r  ou8 ribosomal subur i  ts  w i  i h, fu i  .
1 o l l a f  ed bv c -e r t r i f  u ra t . ic r  i r  Or^SÜ^ pa use s r e l i e r a  of e yd  r e p t i c l e  
w ith  a bouyant dens ity  o f  approx im ately  1.35g/cm^ which con ta ins 55
F ig .23. ünmunob lo t t in g  o f p ro te in s  from  low speed p e l le t s  w ith  
a n ti-P 4 8  and a n ti-P 4 3 . (A) R eactions o f  a n ti-P 4 8  w ith  p ro te in s  
co n ta in ed  i n  p e l le ts  1, 2 and 3 produced by a s e r ie s  o f d i f f e r e n t ia l  
c e n t r i fu g a t io n  s teps  as described  in  S e c tio n  1 :4 . (B) as f o r  (A) b u t
us ing  a n ti-P 4 3 . (C) P e l le t2  recovered  from  oocyte stages 1 , 2 , 3  and 
4 re a c te d  w ith  a n ti-P 4 3 . The Nt* va lu e s  ( t im e s  10"^ ) f o r  the  
la b e lle d  bands a re  in d ic a te d .
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F ig .25. linm unob lo tting  o f riboscm a l su b u n its . P ro te in s  i n  the  
f r a c t io n s  taken  in  F ig .24 were separa ted on a SDS-polyacrylam ide g e l 
and tra n s fe r re d  to  n i t r o c e l lu lo s e .  The n it r o c e l lu lo s e  was re a c te d  
w ith  a n t i “ P43 fo llo w e d  by I - la b e l le d  p ro te in -A . The a n ti-P 4 3  
c ro s s - re a c t in g  17KD band i s  in d ic a te d  (1 7 ).
A  B
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F ig .26. C ro s s -re a c tin g  p ro te in  i n  Xenopus r ib o sa n e s . Ribosomes were 
prepared from  Xenopus oocytes and l i v e r  c e l ls  as described  in  S e c tio n  
1 :4  and 1 :5 . A f te r  s e p a ra tio n  o f the  p ro te in  components o f  these 
ribosom es by SDS-polyacrylam ide g e l e le c tro p h o re s is ,  the  p ro te in s  
were e le c tro t ra n s fe r re d  to  n i t r o c e l lu lo s e .  The n it r o c e l lu lo s e  was 
the n  re a c te d  w ith  a n ti-P 4 3  fo llo w e d  by I - la b e l le d  p ro te in -A  and 
s e t up fo r  au to rad iog raphy  a t  -7 0  C. lane 1 oocyte ribosom es; lane  
2 , l i v e r  c e l l  ribosom es; lan e  3 , 42S p a r t ic le s .  Mr va lu e s  (tim e s  10^ 
) are  in d ic a te d .
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RNA to g e th e r w ith  the  p ro te in  L5 (1 0 4 ), Using t h i s  a n a ly s is  w ith  
oocyte  60S p a r t ic le s ,  se ve ra l p ro te in s  were found i n  a s s o c ia t io n  w ith  
58 RNA from  a peak o f s im i la r  d e n s ity , bu t no s ig n i f ic a n t  amounts o f 
p ro te in  a t  Mr 17000 were observed (d a ta  not shown). T h is  suggests 
th a t  t h is  p ro te in  does n o t s tay  t i g h t l y  bound to  5S RNA subsequent to  
in c o rp o ra t io n  in t o  the  60S ribosom a l su b u n it.
M a n ip u la tio n  o f oocytes by m ic r o in je c t io n  has he lped  to  g a in  
in s ig h t  in t o  some o f the  c o n tro l mechanisms in v o lv e d  i n  many 
d i f f e r e n t  processes (5 3 ) , in c lu d in g  e x p re ss io n  o f  exogenous genes
(105) and p ro cess in g  o f  p re c u rs o r tRNA m o lecu les to  a m ature form
(1 0 6 ). T h is  techn ique  has been a p p lie d  here to  fo l lo w  the  fa te  o f 
RNP p a r t ic le s  w h ich  a re  u s u a lly  be ing  u t i l i z e d  a t  the  stage o f 
oocytes in je c te d .
428 o r 78 RNP p a r t ic le s  were la b e lle d  by in c u b a tin g  
p r e v ite l lo g e n ic  ovary in  th e  presence o f “^C amino a c id  m ix to  la b e l 
th e  p ro te in s , o r ^ H -u r id in e  o r ^ ^ P -in o rg a n ic  phosphate to  la b e l the  
RNA components o f these RNP p a r t ic le s .  F o llo w in g  c o n c e n tra t io n , the  
428 o r 78 p a r t ic le s  were in je c te d  in t o  the  cytop lasm  o f stage 4-ST 
oocytes, and a f t e r  a p e r io d  o f  in c u b a tio n , the  u t i l i z a t i o n  o f the  428 
o r 78 p a r t ic le  p ro te in s  and RNA in t o  o th e r c e l lu la r  components was 
ana lysed  by f r a c t io n a t in g  an oocyte  hcmogenate as described  i n  
s e c tio n  1 :4 . In  t h i s  a n a ly s is ,  la b e l le d  p ro te in  and RNA cou ld  be 
d e te c ted  i n  th e  428 re g io n  o f the  sucrose g ra d ie n t a f t e r  in je c t io n  o f 
la b e lle d  428 p a r t ic le s ;  however, la b e l le d  p ro te in  and RNA co u ld  a ls o  
be observed i n  bo th  th e  808 and 78 re g io n s  ( F ig .2 7 ) . From a s e r ie s  
o f experim en ts  up to  31% o f the  t o t a l  and 22% o f  RNA counts were 
in c o rp o ra te d  in t o  th e  808 peak. Both and ^ H la b e ls  were a ls o
F ig .27. In c o rp o ra tio n  o f  “* 'C -la be lle d  p ro te in  ( s o l id  sym bols) and 
la b e lle d  RNA (open sym bols) in t o  ribosom es. 428 and 78 p a r t ic le s  
were la b e lle d  and is o la te d  as described  i n  8 e c t io n  1 :4 . A f te r  
p e l le t in g ,  the  428 o r 78 p a r t ic le s  were ra is e d  i n  s t e r i l e  d i s t i l l e d  
w a te r and m ic ro in je c te d  in t o  th e  oy to p i asm o f 200 stage 4 -5  oocqrtes. 
F o llo w in g  an in c u b a t io n  p e r io d  o f 72h r, th e  oocytes were homogenised 
and f ra c t io n a te d  on a sucrose g ra d ie n t.  O n e - f i f th  o f each f r a c t io n  
was taken  and TCA p re c ip i ta te d .  The p r e c ip i ta te  was c o lle c te d  on 
g la s s  f ib r e  f i l t e r s  and the  r a d io a c t iv i t y  determ ined i n  each 
f r a c t io n .  The ribosom e peak (8 0 ), 428 p a r t ic le  (42) and 78 p a r t ic le  
peaks (7 ) on th e  sucrose g ra d ie n t a re  in d ic a te d . (A) In c o rp o ra t io n  
o f ^ C / ^ H  counts a f t e r  m ic r o in je c t io n  o f '*0 /  ^H la b e lle d  428 
p a r t ic le s .  (B) In c o rp o ra t io n  o f ^C /^H  counts  a f t e r  m ic r o in je c t io n  
o f '^ C / H la b e lle d  78 p a r t ic le s .  (C) Comparison o f  (p ro te in )  
d is t r ib u t io n  a f t e r  m ic r o in je c t io n  o f C - la b e lle d  428 and 78 
p a r t ic le s  ( ■  in je c te d  78 p a r t ic le s ,  •  in je c te d  428 p a r t ic le s ) .
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K> cn
•o-
(J) o
CO
CO COoCL
o#
=  o□ -
O
œo
ro
d e te c te d  i n  the  78 re g io n  -  up to  11% and 20/5 re s p e c t iv e ly .  A f te r  
m ic r o in je c t io n  o f la b e l le d  78 p a r t ic le s ,  few coun ts  cou ld  be
d e te c te d  i n  any p a r t  o f the  g ra d ie n t o th e r than  th e  78 re g io n . 
However, when the  78 p a r t ic le s  were la b e lle d  w ith  la b e l l in g  th e
RNA component, up to  3555 o f  the  in je c te d  coun ts  were in c o rp o ra te d  
in t o  the  80S monosome peak. A s im i la r  experim ent u s in g . ^^P -la b e lle d  
428 p a r t ic le s  showed th e  presence o f la b e l in  ribosom es, 428 and 78 
re g io n . RNA was e x tra c te d  from  the  ribosom es and th e  78 re g io n  and 
was found to  be 58 RNA ( F ig .2 8 ) .  The in c o rp o ra t io n  o f ^^P la b e l in t o  
c e l lu la r  f r a c t io n s  by way o f la b e l le d  p ro te in  i s  u n l ik e ly  s ince  the  
428 and 78 p a r t ic le  p ro te in s  a re  found n o t to  be phospho ry la ted  in  
v iv o  (da ta  no t shewn),
A ttem pts to  id e n t i f y  the  la b e lle d  p ro te in  component i n  the  808
monosome peak have not been c o n c lu s iv e . Using *^8 m e th ion ine  o r 
c y s te in e  to  la b e l 428 p a r t ic le s  r e s u l t s  i n  poor in c o rp o ra t io n  o f the
la b e l i n  th e  808 monosome peak. However, the  e x tra c te d  428 p a r t ic le s  
from  the  in je c te d  oocy tes  ^ n e r a l l y  has a s m a lle r q u a n t ity  o f P43, 
which even may be d e p le ted  e n t i r e ly  (F ig .2 9 ) .  The bes t r e s u l t s  o f 
in c o rp o ra t io n  in t o  th e  80S mo no seme peak occur when la b e lle d  428
p a r t ic le s  a re  in je c te d  in t o  oocytes, bu t the  s p e c i f ic  a c t i v i t y  o f the  
la b e l does n o t appear to  be s u f f ic ie n t  f o r  i d e n t i f i c a t io n  o f the
la b e lle d  p ro d u c t. The amount o f in je c te d  428 p a r t ic le s  u t i l i z e d  i n  
each in je c t io n  a ls o  v a r ie s  i n  d i f fe r e n t  expe rim en ts , which may 
in d ic a te  v a r ia b i l i t y  in  th e  ra te  a t  w hich the  oocyte i s  us ing  these 
exogenous p a r t ic le s .
F ig ,28. In c o rp o ra t io n  o f 5S RNA by ribosom es. 428 p a r t ic le s  were 
la b e lle d  w ith  P - in o rg a n ic  phosphate as described  i n  S e c tio n  1 :4 . 
L a b e lle d  428 p a r t ic le s  were p e l le te d  and ra is e d  in  s t e r i l e  d i s t i l l e d  
w a te r and m ic ro in je c te d  in t o  200 stage 4 -5  oocytes . F o llo w in g  an 
in c u b a t io n  p e r io d  o f 72h r, the  oocytes were homogenised and 
f ra c t io n a te d  on a sucrose g ra d ie n t.  RNA was e x tra c te d  frcxn ribosom es 
(8 0 ) , 428 p a r t ic le s  (42) and 78 p a r t ic le s  (7 ) th e n  e le c tro p h o re se d  on 
a 10/6 p o lyac ry lam id e  g e l.  The ge l was the n  d r ie d  and s e t up f o r  
au t o r a d i ogr aphy.
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r i r . 2 9 . r r r t e i r  n ro f  i l  ^ r f  428  r r r t i r l o  ^ r o t f i n r  Pi t o r  r i c r c l r j e c t i o n .  
4^:8 r r r t i c l o c  woro l a b e l l e d  w i t n ^ - c y r t o i r ^  nrd i n o l ? t e c  " r  d e r c r i b o d  
i r  8 ' r ô i r r  i : 4 .  428  p a r t i e l  or worn then r o r c o n t r p t o d  l ü ü - l o l d  by
d i P l y r l r  p r p i ^ r t  2Üw r o l y o t k ^ l o n e  .^lycol  i r  bûr i .  i .pCI.  lUr l i  ï r i r - L C l  
f i i ' / .4 r r c  t n .  2 - r ‘^ r c ^ r b o o t h ^ r o l . I h e  I ' i r r l  c o r c ^ r t r m t i o r  of  t h e re  
r ^ r t i c l ^ r  ^Top t y r i c o l l v  4üû-'jOûr<^ idi ' t /^1  ' T iu i v p le n t  to  2 U 0 -2 5 0ro  
p r c t o i r / r i  ( e ^ r r o r .  tûuüüo c p y / v l j .  ^00 r t a r e  4 - 5  ' ' o c y te r  were  
" i c r c i r j e o L e c  v;iLn thn l a b e l l e d  428 p ^ r t i o l o r  i r  to  rhe  o T t o p l o p r . 
i o l l o w i r r  n I c h r  i r c u b a t i o r  th^  / 8  p n r t i c l ^ r  l l n r ^  1 ) ,  428  p ^ r t i c l e r  
( l o r o  d)  mnd oC8 r iboro m pr ( l o n e  5)  v e r e  i m i n t e d  or  d e r o r i b e d  i r  
8 e o t i o n  i : n .  r r o t o i r r  i r o n  the re  f r o o t i o r r  were  r e p o r e t ed  on ? 1b,j 
8 u j - r o lv o o rv i ? iT i id o  r e l  one c o o n e r r i e  r t e i r e d .  b o l e o u l o r  w e i r h t  of  
the - n jc r  boros i r  th e  428 r e p i o n  ore  i r c i c o t e d  (x lO ^ y .
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A n a lys is  o f  ribosom al p ro te in s  by 2D e le c tro p h o re s is  (5 2 ),
fo llo w e d  by im m un o b lo ttin g  w ith  a n ti-P 4 3 , re v e a ls  th a t  the
c ro s s - re a c t io n  w ith  P17 i s  w ith  one spot on th e  2D g e l.  T h is
c ro s s - re a c t in g  sp o t, which m ig ra te s  tow ards th e  b a s ic  end o f  the  1s t 
d im ension ge l corresponds t o  p ro te in  L I 9 (52) when compared to  a
s ta in e d  g e l (F ig .3 0 ) ,
1:29 I d e n t i f ic a t io n  o f P43 a t  the  n u c le o lu s .
The n uc leo lu s  i s  the  s i te  o f rRNA s y n th e s is  and ribosom e
assembly (1 0 7 -10 9 ). I f  P43 p la y s  a r o le  in  ribosom e s y n th e s is , the
p ro te in  should  be d e te c ta b le  i n  t h i s  c e l lu la r  f r a c t io n .  The evidence 
th a t  P43 does appear a t  the  n u c le o lu s  and indeed  may be c leaved to  
P17 i s  tw o - fo ld .
F i r s t ,  la b e l le d  428 p a r t ic le s  were in je c te d  in t o  th e
cytoplasm  o f stage 3 oocytes and in cu ba ted  f o r  3 -4  days a t  roan 
tem pera tu re . A f te r  t h is  p e r io d  o f  in c u b a t io n  n u c le i were is o la te d  
f ra n  the  in je c te d  oocytes  and th e  co n te n ts  spread on g la s s  s l id e s .  
These s l id e s  were then  coated w ith  a pho tog raph ic  em u ls ion , s e t up 
f o r  au to rad iog raphy  and developed 3-4 weeks la t e r .  F ig .31 shows th a t  
the  n u c le o li  have in c o rp o ra te d  in je c te d  la b e l.  The d is t r ib u t io n  o f 
la b e l i s  m a in ly  around th e  p e r ip h e ry  o f the  n u c le o l i .  In  some 
p re p a ra tio n s  la b e l l in g  appeared i n  th e  n u c le a r m a te r ia l d is t r ib u te d  
between n u c le o l i .  These r e s u l t s  taken  to g e th e r suggest th a t  the  
oocytes  have u t i l i z e d  th e  in je c te d  428 p a r t ic le s  and tra n s p o rte d  a 58 
RNA-RNP complex back to  the  nucleus ( n u c le o l i ) .
F ig .3 0 . 2 -d im ens iona l s e p a ra tio n  o f riboscm a l p ro te in s  and 
lo c a l iz a t io n  o f P17. Ribosomes were is o la te d  as described  i n  S e c tio n  
1 :4 . The p ro te in s  were e x tra c te d  w ith  a c e t ic  a c id  and ly p h o ly z e d . 
Lypholyzed p ro te in  was prepared f o r  s e p a ra tio n  on an a c id -u re a  
po lyacry lam ide  ge l i n  th e  f i r s t  d im ension and a SDS-polyacrylam ide 
g e l in  th e  second d im ension. (A) 2 -d im ens iona l s e p a ra tio n  o f 
ribosom al p ro te in s  s ta in e d  w ith  s i lv e r  s a l t s .  (B) 2 -d im ens iona l 
s e p a ra tio n  o f riboscm a l p ro te in s  e le c tro t ra n s fe r re d  to  n i t r o c e l lu lo s e  
and iram unoblo tted w ith  a n ti-P 4 3 . -^ In d ic a te s  th e  p o s tio n  o f L I 9.
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F ig ,31. In c o rp o ra tio n  o f la b e l le d  428 p a r t ic le  p ro te in  i n  n u c le o l i .  
428 and 78 p a r t ic le s  were la b e lle d  w ith  8 -c y s te in e  then
m ic ro in je c te d  in t o  200 stage 3 -5  oocytes . F o llo w in g  a 90h r 
in c u b a t io n  p e r io d  n u c le o l i  were prepared as d esc ribed  i n  S e c tio n  
1 :18 . The n u c le o l i  were f ix e d  t o  c o v e rs lip s  and mounted on s lid e s .  
The mounted s lic te s  were dipped i n  f in e  g ra in e d  n u c le a r em u ls ion  and 
d r ie d .  A u to rad iog raphs were exposed f o r  3 -4  weeks a t  -70*C .
M ic r o in je c te d ;
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In  c o n tra s t,  the  in je c t io n  o f  c y s te in e - la b e lle d  78 f r a c t io n s  
does n o t produce la b e l l in g  o f  the  n u c le o li  above background. These 
r e s u l t s  a re  c o n s is te n t w ith  im m unofluorescent s tu d ie s  w h ich  show th a t  
a n ti-P 4 3  b in d s  to  n u c le o li ,  whereas a n ti-P 4 8  o r a n ti-P 4 0  do n o t (J . 
Coxon pers comm. ) ,
The in te r p r e ta t io n  th a t  th e  P43 component o f 428 p a r t ic le s  i s  
take n  up by n u c le o li  i s  supported  by im m unofluorescent s tu d ie s  on 
c ry o s ta t  s e c tio n s  (110) o f  ova ry , which shew im m unesta in ing  w ith  
a n ti-P 4 3  o f both nucleus and n u c le o lu s . F u the r su p p o rt comes from  
experim en ts i n  w hich 428 p a r t ic le s ,  ribosom es and n u c le o l i  were 
prepared from  a m id - v i te l lo g e n ic  ova ry . The p ro te in s  from  these 
oocyte  f r a c t io n s  were ru n  ou t on an 8D 8-po lyacry lam ide  g e l,  then  
im m unoblotted  w ith  a n ti-P 4 3 . T h is  a n tib o d y  s ta in e d  s o le ly  P43 in  the  
428 p a r t ic le s ,  P43 and p robab ly  P17 in  th e  n u c le o la r  p re p a ra tio n  and 
m a in ly  P17 in  th e  ribosom es ( F ig .32) ( t h is  c o n firm s  th e  presence o f 
both P43 and P17 in  th e  n u c le o lu s ) .  A n ti-P 48  and a n ti-P 4 0  do not 
c ro s s -re a c t w ith  any n u c le o la r  o r ribosom al p ro te in  (d a ta  not shown).
F ig .32. Im m unob lo tting  o f oocytes f r a c t io n s  re p re s e n tin g  d i f fe r e n t  
stages o f 58 RNA u t i l i z a t io n .  428 p a r t ic le s  and ribosom es were 
prepared from  m id -v i te l lo g e n ic  o va ry . Crude p re p a ra tio n  o f n u c le o l i  
was o b ta in ed  from  60 oocytes o f  the  same ovary as described  i n  
8 e c t io n  1 :7 . The p ro te in s  o f each f r a c t io n  was separa ted  by 
8D 8-po lyacry lam ide  g e l e le c tro p h o re s is  and e le c t r o t ra n s fe r r e d  to  
n i t r o c e l lu lo s e .  A f te r  re a c tin g  the  n i t r o c e l lu lo s e  w ith  a n ti-P 4 3  
fo llo w e d  by I - la b e l le d  p ro te in r-A , the  n it r o c e l lu lo s e  was s e t up 
f o r  a u to ra d iog ra p hy , (la n e  1) 428 p a r t ic le s ;  (la n e  2 ) 808 ribosom es; 
(la n e  3) n u c le o l i .  Mr va lu e s  (tim e s  10 ^  ) f o r  the  la b e lle d  bands
a re  in d ic a te d .
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DISCUSSION
The data p resen ted  here  u n fo ld s  a complex s e t o f a c t i v i t i e s  
ce n tre d  on 428 s to rage  p a r t ic le s  w ith  respec t to  s t a b i l iz a t io n ,  
d is t r ib u t io n  and u t i l i z a t i o n  o f t h e i r  components. P a r t ic le  p ro te in s  
appear to  have key ro le s  i n  58 RNA and tRNA t r a n s c r ip t io n  and i n  
ribosom e assembly.
That the  components o f 428 p a r t ic le s  a re  o rgan ised  in t o  sm a lle r 
r i  bo nucl e opr o te i  n complexes i s  e v id e n t from  d i f fe r e n t  l in e s  o f 
evidence : th e  two m a jo r p ro te in s  o f  the  p a r t ic le s ,  P48 and P43, have
poor s o lu b i l i t i e s  i n  * p h y s io lo g ic a l * s o lu t io n s  un less  they are  bound 
to  e i th e r  58 RNA o r tRNA; when th e  428 p a r t ic le  n a tu r a l ly ,  o r on 
tre a tm e n t w ith  EDTA ( F ig .2) o r  h igh  s a l t  ( F ig .3) breaks down, 
components a re  re le a se d  o n ly  as d e fin e d  s e ts  o f  s m a lle r 
r i  bo nu l e opr o te i  n complexes. In  i t s  e a r l ie s t  developm ental s ta te  
(s tage  1) th e  428 p a r t ic le  i s  seen to  c o n ta in  la r g e ly  P48 in  
com b ina tion  w ith  both 58 RNA and tRNA ( F ig .1 4 ). Since t h is  p ro te in  
can b ind  e i th e r  one m o lecu le  o f 58 RNA o r two to  th re e  m o lecu les  o f 
tRNA under f a i r l y  s t r in g e n t  c o n d it io n s  o f re a s s o c ia t io n  ( F ig ,1 ) ,  i t  
would appear th a t  these p a r t ic u la r  in te r a c t io n s  re la te  to  th e  
s i t u a t io n  i n  v iv o .  Indeed, a P48-58 RNA complex i s  re le a se d  from  428 
p a r t ic le s  t re a te d  w ith  EDTA ( F ig .2 ) .  P48 i s  a ls o  observed to
in te r a c t  w ith  bo th  58 RNA and tRNA i n  f i l t e r  b in d in g  expe rim en ts  
(F ig .2 0  and 2 1 ). Furthermore, d e n s ity  a n a ly s is  o f s a lt -d is s o c ia te d  
428 p a r t ic le s  from  stage 1 oocytes re v e a ls  sm a ll ribonucAsioprotein 
complexes c o n ta in in g  one m o lecu le  o f p ro te in  i n  co m b ina tion  w ith  two 
and th re e  m o lecu les  o f  RNA (F ig .3 B ) , a s i tu a t io n  th a t  has been found
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to  occu r n n lv  between M b  end tKNA ( r i p .  1 ) .
The i n  v i v o  r l t u e t l o r  r o p a r d i r p  a M3-Ri\IA a ra c c i? t ,1 o n  i p  
con p i  «X. I n  f i l t e r  b in d i r n -  ^ x r e r im e n t p ,  143 i  n c o r r l  r t o n t l y  b l r d a  
tMA  ( d a ta  r 'o t  rhc * , r r ) .  A l t h o r p h  P43 has b e e r  i r o l a t e d  ap an HNP
con r l  ox w i t h  58 WA (b 4 )  and b i r d s  58  Mi A i r  t h e  f i l t e r  b i r d i r r
e x p e r im e n t  ( f i g . 2 0 ) .  t h e  r é s u l t a  i n  Pi p. 2 puoaep t t h a t  u n d e r  o « ^ r t a l r  
c o n d i t i o n s  P4S can a ls o  a s r o c ia t o  w i t h  tRNA. The d y ra m ic  s t a t e  o f  
t h e  428  n a r t i c l e  deep n o t  make a n a l y s i s  eppy . A l th o u p h  143 i s  a b le  
t o  b in d  e i t h e r  58  lu'JA o r  tRNA ( f i r .  1 ) ,  P43 c a n n o t  be fo u n d  i n  a 
r i b o n u c l e o p r c t e i n  com n lex  a f t e r  LDTA t r e a t m e n t ,  when Y8 p a r t i c l e s  c a r  
be o b t a in e d  c o n t a i n i n g  M b  and 58 Rr\iA.
MÜ ( T i i ï ï A )  b i n d i n p  t o  58  îu\lA hap been c l e a r l y  d e m o n s t ra te d
(5 5 3 .  f i l t e r  b in d i n p  ( f i r . 2 0 )  and i n  v i t r o  r e c o n s t i t u t i o n  ( f i p . 1) 
c o n f i r m  t h i s  f i n d l p c  and o iv e  c o n f id e n c e  o f  th e  r e l i a b i l i t y  o f  t h e  
m ethods  em p loyed .
D i r e c t  o v id e n c " '  I f p re s e n te d  f o r  c h a n o in e  p a t t e r n s  i n  t h e  
c o m p o s i t i o n  o f  t h e  428  s t o r e y s  p a r t i e l ®  o f  Xenonus oomf t e s .
I n i t i a l l y  th e  a n a l y s i s  was c a r r i e d  o u t  u s in o w h o l®  o v e r / .  As f i r . 4  
shows, h e t e r o p e n e i t y  o f  p r o t e i n  c o m p o s i t io n  e x i s t s  w i t h i n  th e  428  
p a r t i c l e s  t a k e n  f rom  one i n d i v i d u a l  r n im a l .  When t h i s  a n a l y s i s  i  
e x te n d e d  t o  o v a r ie s  o f  d i f f e r i r p  m a t u r i t y ,  h e t e r o p e n e i t y  can b® se®n 
t o  e x i s t  n o t  o n ly  i n  p r o t e i n  c o m p o s i t io n  b u t  a ls o  i n  RNA c o n te n t  o f  
th e  428  s t o r a r e  p a r t i c l e  ( f i e . 5 ) .
A more d e ta ile d  a n a ly s is  o f  the  co m pos ition  o f the  s to rage  
p a r t ic le s  w i t h in  in d iv id u a l  s tages o f  oocytes i s  made p o s s ib le  by the  
use o f a n tib o d ie s  m o n o sp e c ific  to  each o f the  p ro te in s . A t stage 1,
P48 i s  a lre a c ^  an abundant p ro te in  o f the  428 p a r t ic le  (F ig .1 2 A ).
L i t t l e  change i s  observed i n  p ro g re ss in g  to  stage 2 , bu t i t  d e c lin e s  
i n  stage 3 when th e  abundance o f 428 p a r t ic le s  i s  a ls o  d e c l in in g  
( f i g s . 11 and 12). In  c o n tra s t ,  P43 a t  stage 1 i s  n o t p resen t a t  i t s  
maximal le v e l ,  which occurs a t  stage 2 b u t i s  th e n  und e te c ta b le  by
stage 3 ( F ig .1 2 ). The absence o f P43 by stage 3 seems in c o n s is te n t
w ith  the  r a t io  o f P48 to  P43 in  428 p a r t ic le s  ta ke n  from  ovary 
c o n ta in in g  a l l  s tages o f  oogenesis. A p o s s ib le  e x p la n a tio n  i s  th a t  
P48 i s  broken down to  P33 by p r o te o ly t ic  cleavage as a r e s u l t  o f 
fa c to r s  (enzymes?) re le a se d  d u r in g  th e  hom ogen iza tion  s tep  (F ig . 17 ), 
thus a l t e r in g  th e  P48 to  P43 r a t io  i n  homogenates o f an ovary 
c o n ta in in g  a l l  s tages o f  oogenesis.
P40 (T F II IA )  i s  abundant as a 78 RNP p a r t ic le  d u r in g  s tages 1 
and 2, but absent by stage 3 (F ig .1 2 F  and a ls o  (6 5 ) ) .  These r e s u l t s  
a re  c o n s is te n t w ith  those o f S hastry  e t  a l .  (1 0 3 ), bu t d i f f e r  i n  the  
t im in g  o f the  re d u c t io n  o f P40 w ith in  th e  oocytes. In  t h e i r  a n a ly s is  
the  le v e l i s  n e a r ly  c o n s ta n t up to  stage 4 . The m ain c o n s id e ra tio n  
i s  the  re q u irem en t f o r  58 RNA i n  ribosom e assembly and from  the  
r e s u l t s  p resen ted  here  i t  i s  n o t c e r ta in  w hether th e  58 RNA in  78 
s to rage  p a r t ic le s  o r 428 s to rage  p a r t ic le s  i s  u t i l i z e d  f i r s t .  I t  
would appear however from  F ig .12 th a t  the  d e c lin e  in  P40 s ta r t s  
be fo re  the  d e c lin e  in  P48 o r P43 a t  stage 2 and c o in c id e s  w ith  the  
onse t o f rRNA s y n th e s is  a t  the  n u c le o l i  (5 3 ) . The r e s u l t s  o f 8 ha s try  
e t  a l . (103) im p ly  th a t  the  58 RNA o f 428 p a r t ic le s  i s  u t i l i z e d  be fo re
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th a t  o f the  7S p a r t ic le .  None o f the  im m unoreactive p ro te in  w h ich  
c ro s s re a c ts  w ith  a n t i- T F I I IA  (a t r a n s c r ip t io n a l ly  in a c t iv e  p ro te in  o f 
Mr 2000 h ig h e r than  T F II IA )  i s  found  a t  stage 6 a ltho u gh  i t s  presence 
a t  t h i s  stage has been re p o rte d  by o th e r w orke rs  (1 0 3 ).
An unusual s i t u a t io n  e x is ts  i n  ve ry  e a r ly  d eve lop ing  ovary 
(ta k e n  frcxa Xenopus o n ly  1 month pos t-m etam orpho rs is ) when in d iv id u a l 
oocytes cannot be e a s i ly  d is t in g u is h e d . When a 428/78 p re p a ra tio n  i s  
made from  t h is  t is s u e  ( f ig s .  13 and 14) and th e  presence o f the  
p ro te in s  de tec ted  by im m un o b lo ttin g , P48 i s  seen i n  bo th  the  428 and 
78 re g io n  o f a sucrose g ra d ie n t ( P ig .1 4 ). In  c o n tra s t P40 and P43 
a re  no t d e te c ta b le  ( F ig .1 4 ). Unless la rg e  amounts o f P40 (and P43) 
a re  p resen t e lsew here  i n  th e  g ra d ie n t o r i n  m a te r ia l p e l le te d  a t  
lOOOOxg ( f o r  in s ta n c e  P40 may be p e lle te d  w ith  c h ro m a tin ), one must 
conclude th a t  P48 appears e a r l ie r  than  P40 o r P43 and i s  capable o f 
fo rm in g  a 428 p a r t ic le  on i t s  own.
About 20% o f  th e  58 RNA i s  a sso c ia te d  w ith  n e ith e r  ribosom es nor 
T F IIIA  by the  end o f  oogenesis (6 5 ). Here i t  i s  dem onstrated th a t  
th e  excess 58 RNA i s  found  as a 78 RNP p a r t ic le  and i s  a sso c ia te d  
w ith  a p ro te in  o f Mr 33000 (P 3 3 ). I t  would appear th a t  P33 i s  a 
cleavage p roduc t o f P48. P33 accum ulates in  a re c ip ro c a l
re la t io n s h ip  to  P48 as oogensis proceeds (F ig . 12D) and can be 
produced frcan P48 by e i th e r  in c u b a tin g  la b e lle d  428 p a r t ic le s  w ith  a 
hcraogenate o f stage 3 oocytes ( F ig .17) o r  o c c a s io n a lly  a f t e r  
is o la t io n  o f  P48 by p re p a ra tiv e  e le c tro p h o re s is  ( F ig .1 6 ). The enzyme 
re p o n s ib le  f o r  cleavage may be in h e re n t in  th e  s t ru c tu re  o f P48 
i t s e l f  o r may be an independent p ro te in .  However, th e  enzyme o r i t s  
a c t iv a t in g  fa c to r  appears o n ly  in  la te  p re v ite l lo g e n s is  (F ig . 12).
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The fu n c t io n  o f P33 i s  n o t known, bu t i t  co u ld  s ta b l iz e  5S RNA 
th a t  i s  excess to  r e q u irament f o r  ribosom e fo rm a tio n  a t  the  end o f 
oogen€S»5>  ^ in  p re p a ra tio n  f o r  i n i t i a l  ribosome sy n th  s is  d u r in g  e a r ly  
embryogen«rS%S. A lte r n a t iv e ly  the  P33-5S RNA complex may be a re se rve  
f o r  the  s y n th e s is  o f  new ribosom es i n  f u l l  grown oocytes  w hich are 
re q u ire d  due to  tu rn o v e r o f e x is t in g  ribosom es(111 ,112 ).
The a c t i v i t i e s  o f  P40 (T F II IA )  in  re g u la t in g  t r a n s c r ip t io n  o f 5S 
RNA genes have been described  e x te n s iv e ly  (9 2 ,9 5 ,9 6 ). However, i t  i s  
d i f f i c u l t  t o  d e te c t P40 as a n u c le a r a n tig e n  o f  s tages 1 o r 2 oocytes 
i n  im m un o b lo ttin g  expe rim en ts . Futherm ore, us ing  a n t ib o d ie s  d ire c te d  
a g a in s t T F IIIA  to  im m unostain se c tion e d  p r e v ite l lo g e n ic  ovary no 
s p e c i f ic  n u c le a r s ta in in g  i s  o b ta in e d  (1 1 0 ). S im ila r  r e s u lts  are  
o b ta in ed  w ith  a n ti-P 4 0  ( J .S cm m e rv ille , pers . comm.). I t  has been
re p o r te d  th a t  a p re p a ra tio n  o f  a n t i-P 4 8 produces no s ta in in g  o f  
n u c le i (1 1 0 ); however, the  a n ti-P 4 8  used i n  my experim en ts  g iv e s  a 
s l ig h t ,  bu t s ig n i f ic a n t  s ta in in g  o f  nucleoplasm  in  stage 1
o o c y te s ,(o f .6 6 ) .  T h is  s ta in in g  co u ld  be a t t r ib u ta b le  to  the  presence 
o f P48 a t  the  s i t e  o f 58 RNA s y n th e s is  ( c f . 7 8 ) . P43 i s  no t de te c ted
as a n u c le a r a n tig e n  a t  any stage bu t i t  may be p resen t i n  the
nucleus a t  a ve ry  low le v e l in v o lv e d  in  th e  t r a n s c r ip t io n  o f tRNA 
genes (see s e c tio n  2 (7 8 ) ) .  I t  i s  reasonab le  to  conclude th a t  the  
presence o f T F IIIA  (and P43) i s  t ra n s ie n t ,  whereas P48 tends to  
accum ulate in  th e  nucleus d u r in g  s tages 1 and 2 , p o s s ib ly  in
assoc ia tion  w ith  58 RNA genes o r as a pool o f f re e  p ro te in  o r  
complexed w ith  newly j^ n th e s is e d  RNA.
I :
In  the  case o f T F IIIA , th e  accum u la tion  o f t h is  p ro te in  r e f le c t s  
i t s  in vo lvem en t i n  t r a n s c r ip t io n a l  a c t i v i t y  and s to ra g e . 
A pprox im ate ly  lO '’ ’ m o lecu les o f  T F IIIA  a re  p resen t d u r in g  e a r ly
oogenes\& (103) a t  a tim e  when 58 RNA ^ n th e s is  i s  maximal and
produces in  the  o rd e r o f 1 0 5 8  RNA m o lecu les (5 8 ). 8 ince 50% o f  
the  58 RNA i s  complexed w ith  428 p a r t ic le  p ro te in  (46 ,54 ) perhaps no t 
a l l  T F IIIA  m o lecu les  a re  bound by 58 RNA. However, an ove r
p ro d u c tio n  o f  T F II IA  would ensure the  s t a b i l iz a t io n  o f 58 RNA and the  
co n tin u ed  s y n th e s is  o f  58 t r a n s c r ip ts  by s a tu ra t io n  o f  58 genes. The 
in h ib i t o r y  e f fe c t  o f 58 RNA on 58 RNA t r a n s c r ip t io n  would a ls o  be 
d im in ish e d  by over p ro d u c tio n  o f T F IIIA  m o lecu les (6 2 ,9 9 ).
The in te r a c t io n  o f  58 RNA w ith  T F IIIA  m ^  cause the  apparent
co m p a rtm e n ta liz a tio n  o f T F IIIA  to  the  cytoplasm  (1 1 0 ). T h is  may be a
mechanism to  p reven t feedback i n h ib i t i o n  by 58 RNA o r reduce the  
amount o f 58 RNA i^ n th e s is e d  by r e s t r ic t in g  the  e n try  o f T F IIIA  in t o  
th e  n u c le o lu s . The lo c a l iz a t io n  o f uncoraplexed T F II IA  i s  unknown, 
bu t t h i s  p ro te in  may be bound by o th e r components to  p reven t i t  from  
p r e c ip i ta t in g  (5 8 ,1 1 3 ). The amount o f T F IIIA  p resen t a t  stage 6
co u ld  be as h ig h  as 4ng (4 .5  x 10 m o le cu le s ). A lthough the
s y n th e s is  o f  new T F IIIA  does n o t occur (9 3 )) enough e x is ts  to  ensure 
t r a n s c r ip t io n  o f  a l l  58 RNA genes. C ons is ten t w ith  t h is  i s  the  
a b i l i t y  o f n u c le a r e x tra c ts  and m ic ro in je c te d  n u c le i to  suppo rt 58 
RNA s y n th e s is  from  exogenous 58 RNA genes (1 1 4 ,1 15 ).
D uring  m a tu ra tio n  o f  an oocyte  to  an egg th e re  i s  a fu r th e r  
10-20 fo ld  d e c lin e  i n  T F II IA . In  embryogeaesiSthe le v e l o f T F IIIA  
rem ains a pp ro x im a te ly  c o n s ta n t on a per embryo b a s is  upto  the  
swimming ta d p o le  stage (1 0 3 ). At the  m id b la s tu la  s tage , 58 RNA
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s y n th e s is  resumes (115 -117 ), but fo l lc w in g  i n i t i a l  a c t i v i t y  o f 
o o cy te -typ e  and so m a tic -typ e  58 RNA genes, s e le c t iv e  s y n th e s is  o f  
som atic  type  58 RNA occurs  (1 1 6 ,1 1 7 ). Again th e re  must be s e le c t iv e  
s e q u e s tra t io n  o f  T F IIIA  to  p re ven t con tinued  a c t iv a t io n  o f oocyte  
type 58 RNA genes s ince  th e re  co u ld  be g re a te r  than  10 m o lecu les o f  
T F IIIA  p resen t per c e l l  (1 0 3 ). Evidence now suggests th a t  the  
s e le c t iv e  s y n th e s is  o f  s cm a tic -typ e  58 RNA from  g a s t r u la t io n  i s  due 
to  th e  g re a te r  a f f i n i t y  o f the  so m a tic -type  58 RNA genes to  b in d  
T F II IA  (1 1 8 ). An e ve r d im in is h in g  amount o f T F IIIA  p r e fe r e n t ia l ly  
b inds  so m a tic -typ e  genes a f t e r  DNA r e p l ic a t io n  d u r in g  embyrogenesis 
(119,120) and o o cy te -typ e  58 RNA gene e xp re ss io n  i s  m ediated th rough  
h is to n e  b in d in g  to  these sequences, in  p a r t ic u la r  h is to n e  HI 
(1 2 1 -12 3 ).
The r o le  o f P48 o r P43 in  t r a n s c r ip t io n  o f 58 RNA o r tRNA genes 
w i l l  be d iscussed  i n  8 e c t io n  2 . No evidence f o r  the  presence o f P48 
i n  embryogensôiS o r  a d u lt  t is s u e s  e x is ts  and th e  same i s  tru e  f o r  P43. 
However, in  t h i s  l a t t e r  case a c ross re a c t in g  p ro te in  o f 
a pp ro x im a te ly  Mr 17000 e x is ts  in  l i v e r  c e l l  ribosom es (F ig .2 6 ) ,  an 
occurence s im i la r  to  th a t  i n  oocyte  ribosom es where t h is  p ro te in  has 
been id e n t i f ie d  as p o s s ib ly  be ing  p ro te in  L I9 ( F ig .3 0 ). D ire c t  
ev idence f o r  the  c leavage o f P43 to  P I7 ( L I9) i s  needed (by amino 
a c id  sequencing o r  by d e te c t io n  o f la b e lle d  P17 a f t e r  m ic r o in je c t io n  
o f la b e lle d  428 p a r t ic le s )  to  e s ta b lis h  t h is  p o in t  u n e q u iv o c a lly . 
But th e  dem on s tra tion  th a t  P17 i s  lo c a te d  in  the  60S su b u n it 
( F ig .2 5 ) , accum ulates r e c ip r o c a l ly  in  r e la t io n  to  P43 u t i l i z a t i o n  
( F ig .2 2 ) , i s  p robab ly  found to g e th e r w ith  P43 in  crude p re p a ra tio n s  
o f  n u c le o l i  ( F ig .3 2 ) , and th e  presence o f la b e lle d  m a te r ia l a t  the
n u c le o l i  a f t e r  m io ro in je c t io n  o f la b e l le d  428 p a r t ic le s  ( F ig .31) are  
a l l  c o n s is te n t w ith  th e  id e a  th a t  PIT i s  a cleavage p ro du c t o f P43 
and becomes p a r t  o f the  ribosem e s t ru c tu re .  No d e ta ile d  s tu d ie s  have 
been perform ed on L I 9 o f X . la e v is  ribosom es and l i t t l e  in fo rm a t io n  i s  
a v a i la b le  on t h is  p ro te in ,  excep t th a t  L I 9 can be syn th e s ize d  in  an 
i n  v i t r o  t r a n s la t io n  system and in c o rp o ra te s . m e th ion in e  (5 2 ). 
The mRNA f o r  t h is  stucfy was p repared frcm  mRNP o f Xenopus oocytes , 
su gg e s ting  th a t  th e re  e x is ts  i n  mRNP f r a c t io n s  a sepa ra te  mRNA f o r  
L I 9 . T h is  mRNA co u ld  code s o le ly  f o r  L I 9 , o r perhaps f o r  a la rg e r
p ro te in  m o lecu le  w ith  prem ature te rm in a tio n  d u r in g  t r a n s la t io n  o r
cleavage d u r in g  o r a f t e r  s y n th e s is  to  form  LI 9.
A p ro te in  o f  Mr 28,000 c ro ss  re a c t in g  w ith  a n ti-P 4 3  i s  a ls o  
observed in  oocyte ribosom e f r a c t io n s .  The presence o f t h is  p ro te in  
i n  ribosom es i s  le s s  c o n s is te n t b u t i t  does appear i n  a p e l le t
produced by a s e r ie s  o f  d i f f e r e n t ia l  c e n t r i fu g a t io n  s tep s  (F ig .2 3 ) .  
T h is  p e l le t  i s  th e  r e s u l t  o f  a 3000xg s p in , the  m ain components o f 
w h ich  are  n u c le o l i .  T h is  p ro te in  a ls o  occurs  in  re c ip ro c a l
q u a n t i t ie s  to  P43 ( F ig .22) b u t i t  i s  n o t known w he ther t h i s  p ro te in  
i s  a cleavage p roduc t o f  P43 o r p o s s ib ly  a c leavage p ro d u c t o f P43
and an in te rm e d ia te  to  th e  p ro d u c tio n  o f P IT.
The p o s s ib i l i t y  e x is ts  th a t  PIT and P28 co u ld  be e n t i r e ly  
d i f f e r e n t  gene p ro d u c ts  th a t  happen to  c ross  re a c t w ith  a n ti-P 4 3 . 
A lso  the  presence o f P43 in  n u c le o la r  f r a c t io n s  co u ld  be the  r e s u l t  
o f  the  p ro te in  be ing  a s s o c ia te d  w ith  p re -rib o so m a l p a r t ic le s ,  which 
have been shown to  c o n ta in  a t  le a s t  one s p e c i f ic  p re -rib o so m a l
p r o te in : -  R ib o ch a rin  a t  Mr 40000 (1 2 4 ).
The c h a ra c te r iz a t io n  o f P48, P43 and P40 i s  c r i t i c a l  in
e s ta b lis h in g  th e  r o le s  th a t  these p ro te in s  p lay  in  th e  t r a n s c r ip t io n  
and m etabolism  o f 5S RNA and tRNA. Using th e  techn iques  o f 
radioimmunoassay, im m un o b lo ttin g , amino a c id  a n a ly s is  and cyanogen 
b ran ide  cleavage, the  th re e  p ro te in s  a ssoc ia te d  w ith  5S RNA in  
Xenopus oocytes (P48, P43, P40) a re  found to  be s t r u c tu r a l ly
d is t in c t .  T h is  agrees w ith  the  f in d in g s  th a t  chym o tryps in  d ig e s t io n  
p a tte rn s  f o r  P43 and T F II IA  (P40) a re  d i f fe r e n t  (62) and th a t  
a n t ib o d ie s  d ire c te d  a g a in s t T F II IA  do no t c ro s s -re a c t w ith  428 RNP 
p a r t ic le s  (9 4 ). More re c e n t ly  i t  has been dem onstrated th a t  a 
p re p a ra tio n  o f a n t i-P 4 8 does n o t c ro ss  re a c t w ith  o th e r p a r t ic le  
p ro te in s  (1 1 0 ). The r e s u l t s  p resen ted  here e s ta b lis h  th a t  th e re  can 
be no sim ple  p re c u rs o r-p ro d u c t r e la t io n s h ip  between a i^  p a ir  o f 
p ro te in s .
D uring  am phib ian oogenesiâ^ 5S RNA and tRNA m o lecu les  move 
between v a r io u s  c e l lu la r  compartm ents. For in s ta n c e , 58 RNA i s  
tra n s p o rte d  from  t r a n s c r ip t io n  s i te s  to  nucleoplasm , then  to  
cy to p la sm ic  s to rage  p a r t ic le s  and f i n a l l y  to  ribosom e assembly s i te s  
( n u c le o l i ) .  Each o f these s teps  p robab ly  i s  governed by the  form  o f 
the  p ro te in  bound to  the  RNA. In  princ'ip\c.^ t r a n s fe r  o f RNA between 
compartments can occur e i th e r  th rough  m o d if ic a t io n  o f the  b in d in g  
p ro te in  o r exchange o f b in d in g  p ro te in s .  Both processes a re  known to  
occur in  p re v ite l lo g e n ic  oocy tes , 58 RNA i s  bound to  P48 as 
dem onstrated above and to  P40 in  78 RNP p a r t ic le s  (5 5 ). D uring  
v i te l lo g e n s is  about 80% o f the  58 RNA i s  t ra n s fe r re d  to  the  n u c le o l i  
and in c o rp o ra te d  in t o  ribosom es i n  a s s o c ia t io n  w ith  a p ro te in  th a t  i s  
n e ith e r  P48 o r P40 ( ie ;  exchange has o ccu rre d ) whereas th e  rem ainder
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o f the  58 RNA p e r s is ts  as a 78 s to rage  p a r t ic le  (65) in  a s s o c a tio n  
w ith  an Mr 33000 cleavage p roduc t o f P48 ( ie ;  m o d if ic a t io n  by 
cleavage has o c c u rre d ).
A lthough cleavage p ro du c ts  a re  produced from  P48 and P43, we can 
d e te c t i n  im m un o b lo ttin g  expe rim en ts  no h ig h e r m o le cu la r w e ig h t 
p re cu rso rs  o f  these p ro te in s  them selves (a c ro s s - re a c t in g  band w ith  
a n t i-P 4 8 a t  Mr 57000 i s  seen in c o n s is te n t ly  in  the  p e l le t s  taken  by 
d i f f e r e n t ia l  c e n t r i fu g a t io n  (F ig .2 3 ) and in  the  78 f r a c t io n  o f  oocyte  
o f le s s  than  50um in  d ia m e te r, b u t th e re  i s  no fu r th e r  in fo rm a tio n  on 
t h i s ) .  Even a n a ly s is  o f  homogenates o f whole ovary c o n ta in in g  e a r ly  
oocyte stages re v e a ls  no immunostained bands o f  h ig h e r m o le cu la r 
w e ig h t. These o b s e rv a tio n s  a ls o  suggest th a t  th e re  i s  no s ta b le  
p o ly p ro te in  p re cu rso r th a t  c o n ta in s  more tha n  one o f P48, P43, and 
P40.
I t  i s  reasonab le  to  suppose th a t  P48, P43 and P40 are each
encoded by separa te  genes w h ich , because o f t h e i r  re la te d  fu n c t io n s ,  
may have a r is e n  by d u p lic a t io n  b u t now d ive rge d  to  an e x te n t whereby 
they express p ro te in s  o f d is t in c t  a n t ig e n ic  s t r u c tu re .  D ivergence in  
s t ru c tu re  i s  seen a ls o  when th e  fu n c t io n a l ly  analogous p ro te in s  from  
d i f fe r e n t  am phib ia  are  compared. There appears to  be l i t t l e  
a n t ig e n ic  re la te d n e s s  between th e  p ro te in s  is o la te d  from  the  toads 
(Xenopus) and the  co rrespond ing  p ro te in s  is o la te d  from  newts 
( T r i t u r u s ) .  However, w i th in  th e  genus Xenopus and w i t h in  th e  genus 
T r i tu r u s ,  P48 and P43 appear to  have d ive rged  l i t t l e  i n  s t ru c tu re ,  
bo th  p ro te in s  be ing  in d is t in g u is h a b le  between spec ies  in  th e  
im m uno log ica l assays perform ed he re . T h is  c o n tra s ts  w ith  the  f in d in g  
th a t  P40 shows no a n t ig e n ic  re la te d n e s s  between th e  two c lo s e ly
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re la te d  Xenopus sp ec ies  and has no d e te c ta b le  analogue i n  the  genus 
T r i tu r u s .
The im m uno log ica l d is t in c t io n  between P40 o f X . la e v is  and 
X .b o re a lis  i n  a n tib o d y  b in d in g  and t r a n s c r ip t io n  in h ib i t i o n  (see 
s e c tio n  2 ) i s  p a r t ic u la r ly  s trange  because o f t h e i r  id e n t ic a l  
fu n c t io n .  I t  i s  p o s s ib le  th a t  a t  le a s t  the  RNA-binding s i te s  a re  
conserved s t r u c tu r a l  fe a tu re s  o f these p ro te in s . I t  i s  p o s s ib le  th a t  
r e c o ^ :n i t io n  o f  these d e te rm ina n ts  i s  p rec luded  by the  use o f RNP 
s tru c tu re s  as a n tig e n s .
The r o le  o f two separa te  RNP sto rage  form s o f 58 RNA in  Xenopus 
oocytes , w ith  P40 in  th e  78 p a r t ic le  and w ith  P48 (and P43 and tRNA) 
in  th e  428 p a r t ic le ,  i s  n o t appa ren t. The one type o f (428) s to rage  
p a r t ic le  in  T r i tu r u s  re p re s e n ts  a s im ple s i t u a t io n  but does no t 
exclude  the  presence o f sm a ll amounts o f a P40 analogue a c tin g  as 
t r a n s c r ip t io n  fa c to r  o f 58 RNA genes i n  T r i tu r u s  oocytes. The 
observed d if fe re n c e  m ig h t s im p ly  be due to  the  presence o f a la rg e  
poo l o f P40 in  Xenopus oocytes and o f a sm a ll poo l o f an e q u iv a le n t 
p ro te in  in  T r i tu r u s  oocy tes . N eve rthe less , u n t i l  the  o v e r a l l  
s ig n if ic a n c e  o f the  d i f fe r e n t  R N A -pro te in  in te r a c t io n s  a re  f u l l y  
understood, g e n e ra liz a t io n s  c o v e r in g  v a r io u s  d i fe r e n t  organisms 
shou ld  be avo ided .
INTRODUCTION
Amongst the  genes tra n s c r ib e d  by RNA polymerase I I I  a re  those
encoding a l l  spec ies  o f  tRNA m o lecu les , 58 RNA and some sm a ll v i r a l
RNAs and those c o n ta in in g  c e r ta in  m idd le  r e p e t i t iv e  genomic 
sequences.
RNA polymerase I I I  has a o f 780000 and c o n s is ts  o f  10-11
s u b u n its . RNA polymerase I I I  a lone i s  in s u f f i c ie n t  t o  i n i t i a t e  
t r a n s c r ip t io n  a t  the  c o r re c t  s i t e  from  any o f the  genes i t
tra n s c r ib e s  (1 2 5 ). However c o r re c t  i n i t i a t i o n  o f t r a n s c r ip t io n  
re q u ire s  a d d it io n a l components whose nunber and n a tu re  a re  ju s t  
beg inn ing  to  be c h a ra c te r is e d  (3 4 ,5 7 ,5 9 ). Much more i s  known about 
the  DNA sequence s ig n a ls  re q u ire d  f o r  t r a n s c r ip t io n ,  p a r t ic u la r ly  in  
th e  cases o f  58 RNA and tRNA genes. The development o f in  v i t r o  
t r a n s c r ip t io n  assays f o r  these genes has made them an a t t r a c t iv e  
system to  study (2 9 ,1 0 6 ,1 1 4 ,1 1 5 ,1 2 6 -1 3 7 ).
2 :1  58 rRNA genes
58 rRNA genes o f  Xenopus c o n s is t o f  two m u ltig e n e  fa m il ie s ,  
those encoding o o cy te -typ e  58 RNA and those encoding s a n a tic - ty p e  58 
RNA. The d if fe re n c e  between these  two types  o f  58 RNA i s  r e s t r ic te d  
to  an a l t e r a t io n  o f fo u r  out o f 120 bases i n  th e  cod ing  sequence 
a ltho u gh  o th e r d if fe re n c e s  occur i n  th e  f la n k in g  sequence re g io n s  
(9 5 ,1 3 8 ).
The 5S RNA gene i s  120 n u c le o tid e s  in  le n g th  and i s  w e l l  
conserved between organism s (1 3 9 ). In  X . la e v is , th e re  are  
a pp ro x im a te ly  20000 co p ies  o f  th e  o ocy te -typ e  5S RNA genes and 400 
co p ies  o f  the  so m a tic -typ e  genea  per h a p lo id  genome (1 3 8 ). In  
X .b o re a l is , th e re  a re  9000 and 700 co p ie s  o f the  o ocy te - and 
so m a tic -typ e  genes re s p e c t iv e ly  (1 3 8 ). The o rg a n is a t io n  o f bo th  se ts  
o f  genes i s  o f  lo n g  co n tig u ou s  DNA segments c o n s is t in g  o f  tandem ly 
repea ted  u n i ts  o f 58 RNA cod ing  re g io n s  separa ted by n o n -tra n s c r ib e d  
spacer DNA (1 4 0 ). Using 58 cRNA o r c loned  DNA probes s p e c i f ic  f o r  
oocy te - o r so m a tic -typ e  genes, the  chromosomal lo c a t io n s  o f these 
genes have been dete rm ined  by in  s i t u  h y b r id is a t io n .  58 RNA gene 
sequences a re  found a t  the  te lom eres o f  most, i f  n o t a l l ,  o f  the  lo n g  
arms o f  Xenopus chromosomes (1 4 1 ,1 4 2 ), Somatic 58 RNA gene sequences 
a re  lo c a te d  o n ly  on th e  lo n g  arm o f chromosome 9 , whereas oocyte  58 
RNA gene sequences account f o r  the  lo c a t io n  on a l l  chromosomes 
in c lu d in g  chromosome 9 (1 4 2 ).
58 RNA genes have no in t r o n s  to  be processed. In  X . la e v is  and
X .b o re a lis  th e re  e x is ts  a pseudogene c o n s is t in g  o f  the  f i r s t  101
n u c le o tid e s  (1 4 3 ). I t  i s  n o t no rm a lly  tra n s c r ib e d  b u t may be when
cloned pseudogenes a re  in je c te d  in t o  oocyte n u c le i (1 4 4 ).
In  a s e r ie s  o f  e le g a n t experim en ts  by Brown and h is  co -w orke rs , 
d e le t io n  m utan ts e s ta b lis h e d  th e  prom oter re g io n  f o r  58 RNA genes to  
be co n ta ined  w i t h in  a 34bp re g io n  e x te n d in g  from  +50bp to  +83bp 
( r e la t iv e  to  the  b e g in n ing  o f  the  coding sequence) (1 9 ,1 4 5 ). 
However, u s ing  the  techn ique  o f DNAse fo o tp r in t in g  the  re g io n  
p ro te c te d  by the  t r a n s c r ip t io n  fa c to r  was found to  extend  from  +45 to  
+96 (9 7 ), a f in d in g  suppo rted  by p o in t  m u ta tio n a l a n a ly s is  o f the
X .la e v is  58 gene prom oter (2 0 ).
I t  has been c le a r ly  e s ta b lis h e d  th a t  one fa c to r  re q u ire d  f o r  58 
HNA t r a n s c r ip t io n  i s  a p ro te in  m o lecu le  o f Mr 40kD, known as 
T ra n s c r ip t io n  F a c to r I I I A  (T F II IA )  (6 2 ,9 7 ). In  a d d it io n  to  RNA
polymerase I I I  and T F IIIA , two o th e r fa c to r s  a re  re q u ire d  f o r  
t r a n s c r ip t io n  (3 0 ,3 4 ). The o rd e r o f a c t io n  and s t a b i l i t y  o f 
complexes formed w ith  these a d d it io n a l components i s  known f o r  58 RNA 
genes (5 9 ); i n i t i a l l y  T F IIIA  b inds  to  the  in te r n a l c o n tro l re g io n  o f  
a 58 RNA gene, a complex w h ich  i s  m e tas ta b le . T F IIIC  b inds to  t h is  
complex s t a b i l iz in g  T F II IA  in te r a c t io n  on th e  gene and a llo w in g  
T F IIIB  to  complete the  i n i t i a t i o n  complex.
D uring oogenesis th e re  i s  aauncoord ina ted  s y n th e s is  o f  ribosom al 
components; 58 RNA i s  syn th e s ise d  from  e a r ly  in  oogensis (46) us in g  
bo th  oocyte - and so m a tic -typ e  genes, the  excess p roduc t the n  be ing 
s to re d  u n t i l  188, 5 .8 8 , 288 rRNA and o th e r ribosom al components reach 
the  maximum le v e l o f p ro d u c tio n  (5 5 ,5 7 ). The s to re d  58 RNA does n o t 
e x is t  on i t s  own, bu t i t  can be found i n  a s s o c ia t io n  w ith  th ree  
d i f f e r e n t  p ro te in s  (see 8 e c t io n  1 ).
T F IIIA  ( re fe r re d  to  as P40 in  8 e c tio n  1) has been shown to  be 
a b le  to  supplement in  v i t r o  t r a n s c r ip t io n  assays f o r  the  
t r a n s c r ip t io n  o f  58 RNA genes (9 7 ), and a ls o  the  presence o f 58 RNA 
m o lecu les  was ab le  to  i n h ib i t  the  enhancing e f f e c t  o f T F IIIA . T h is  
p ro te in  th e re fo re  p ro v id e s  th e  oocyte  w ith  a feedback system f o r  the  
c o n tro l o f 58 RNA s y n th e s is  (6 2 ).
D uring  th e  development o f a Xenopus embryo, the  s y n th e s is  o f 
o ocy te -typ e  58 RNA occurs from  the  m id -b la s tu la  t r a n s i t io n  to  th e  
la t e  b la s tu la  stage , bu t i s  th e n  in a c t iv a te d  d u r in g  g a s t ru la t io n  
(1 1 6 ). The mechanism o f s w itc h in g  has no t been unambiguously
e s ta b lis h e d . One mechanism may be through  the  p ro te in  a n t ig e n ic a l ly  
re la te d  to  T F II IA  (99) found i n  som atic c e l ls .  However, a
c o m p e tit io n  a n a ly s is  was used to  show th a t  th e re  i s  a f o u r fo ld  
d if fe re n c e  in  th e  a b i l i t y  o f th e  som atic 58 RNA gene to  b in d  T F II IA  
over the  o ocy te -typ e  58 RNA gene. I t  was shown th a t  the  c o m p e tit iv e  
s tre n g th  was due to  two base changes a t  re s id u e s  +53 and +55 (9 5 ). 
T h is  was subsequently  v e r i f ie d  and i t  was shown th a t  the  prom oter 
re g io n  i n  th e  oocyte  58 RNA gene may be exposed i n  DNAse fo o tp r in t in g  
expe rim en ts  to  a g re a te r  e x te n t tha n  th e  same re g io n  i n  the  som atic 
58 RNA gene (3 9 ). The fo u r fo ld  d if fe re n c e  in  b in d in g  a f f i n i t i e s  may 
be re s p o n s ib le  f o r  the  d i f f e r e n t ia l  e xp re ss io n  o f  o ocy te - and 
so m a tic -typ e  58 RNA genes. T h is  d if fe re n c e  i n  a f f i n i t y  i s  e x p lo ite d  
fo l lo w in g  DNA r e p l ic a t io n  (1 2 0 ). Frcm m id -b la s tu la  stage o f 
e m b ry o ^ nes is  to  g a s t ru la t io n ,  th e re  i s  a s ig n i f ic a n t  re d u c t io n  i n
th e  amount o f T F IIIA  p resen t i n  each c e l l  (1 0 3 ). As a r e s u l t ,
o o cy te -typ e  58 RNA genes become complexed w ith  h is to n e s , in  
p a r t ic u la r  the  b in d in g  o f  h is to n e  H I seems re s p o n s ib le  f o r  the  
in a c c e s s ib i l i t y  o f T F IIIA  to  the  oocy te - type 58 RNA gene sequences 
(1 2 3 ,1 46 ,1 47 ).
A part frcm  58 RNA genes, a l l  o th e r genes t ra n s c r ib e d  by RNA 
polymerase I I I  have prom oters w h ich  share homology w ith  the  tRNA gene 
prom oters, th a t  i s  they a re  s p l i t  in t o  two in t ra g e n ic  re g io n s  w ith  
o n ly  l im i te d  d e v ia t io n  from  a consensus sequence (2 4 ). Thus RNA
polymerase I I I  genes a re  c la s s i f ie d  in t o  two groups. C lass 1 genes 
a re  c h a ra c te r is e d  by an in te r n a l  s p l i t  prom oter c o n s is t in g  o f  two 
components, box ’ A' and box *B*, separa ted  by 30 to  60 n u c le o tid e s ; 
t r a n s c r ip t io n  i n i t i a t e s  10 to  20 n u c le o tid e s  upstream from  the  5* end 
o f  box *A*. C lass 2 in c lu d e s  o n ly  58 RNA, where t r a n s c r ip t io n  occurs 
50 n u c le o tid e s  from  the  5 ’ end o f  the  in te r n a l  c o n tro l re g io n .
2 :2  tRNA genes
In  a l l  c e l ls  th e re  i s  a good c o r r e la t io n  between th e  number o f 
tRNA spec ies  and th e  nunber o f codons used in  mRNA, a lthough  i n  each 
c e l l  th e re  may be a degree o f h e te ro g e n e ity  in  d is t r ib u t io n  and 
r e la t iv e  abundance o f each spec ies  (1 4 8 ,1 49 ). Each spec ies  i s  
re p re sen ted  by genes a rranged as m u lt ip le  cop ies  and showing a degree 
o f c lu s te r in g  (1 5 0 ). In  X . la e v is .  t h is  c lu s te r in g  c o n s is ts  o f a 
b a s ic  u n i t  o f DNA w h ich  i s  3.18Kb lo n g , c o n ta in in g  two tR N j^ ^  genes 
and s in g le  genes f o r  s ix  o th e r tRNA spec ies  (1 5 1 ). T h is  3.18Kb u n i t  
i s  repea ted  many tim es  (1 5 1 ). The chromosomal lo c a t io n  o f t h is  
re p e a t u n i t  i s  r e s t r ic te d  to  a s i t e  near the  te lecm ere  o f a s in g le  
chromosome (1 5 2 ).
The le n g th  o f th e  genes var)%  accord ing  to  th e  s iz e  o f the  
v a r ia b le  arm or the  presenœ  o f in t r o n s  which may be tra n s c r ib e d  th e n  
s p lic e d  ou t (1 5 3 ,1 54 ).
The lo c a l is a t io n  o f  the  prom oter f o r  tRNA was ach ieved by us ing  
s im i la r  techn iques  to  those used f o r  the  lo c a l is a t io n  o f th e  58 
p rom oter, namely us ing  d e le t io n ,  in s e r t io n  and b a s e -p a ir  s u b s t i tu t io n  
m utan ts  (2 1 ,1 5 5 ,1 5 6 ). These techn iques  e s ta b lis h e d  th a t  the  tRNA
gene prom oters a re  s p l i t  in t o  two non-con tiguous e lem ents termed box
and box 'B ' ,  whose presence i s  e s s e n t ia l f o r  t r a n s c r ip t io n  
(2 1 ,1 5 5 ,1 5 6 ). These e lem ents a re  g e n e ra lly  separa ted  by 30 to  40 
n u c le o tid e s  depending on the  le n g th  o f the  v a r ia b le  arm. However, 
lo n g e r d is ta n ce s  between th e  two boxes can be c re a te d  by in s e r t io n  
m u ta tio n . These m utan ts  a re  le s s  e f f i c i e n t  i n  t r a n s c r ip t io n  as the  
d is ta n ce  between the  two boxes in c re a s e s , and a f t e r  a s e p a ra tio n  o f 
100 bp o r more, the  m utant gene i s  no lo n g e r tra n s c r ib e d  (2 1 ).
Comparison o f the  box *A* and box ’ B» sequence between tRNA 
genes o f euka ryo tes  re v e a ls  a consensus sequence f o r  the  two boxes 
(2 1 ). Comparison w ith  the  in t ra g e n ic  prom oter o f 58 RNA genes 
re v e a ls  some homology and d if fe re n c e s  between th e  c o n tro l sequences 
o f  these two c la sse s  o f  genes. The in te r n a l c o n tro l re g io n  o f  the  
som atic  58 RNA gene o f X .b o re a lis  can be in t e r n a l ly  d is s e c te d  in t o  
two components and th e  f i r s t  h a l f  o f t h is  prom oter i s  homologous and 
fu n c t io n a l ly  e q u iv a le n t to  th e  box ’ A* component o f tRNA genes (2 4 ).
Much le s s  i s  known about th e  id e n t i t y  o f p ro te in  fa c to r s  th a t  
b in d  tRNA ^ n e s  and in f lu e n c e  t h e i r  t r a n s c r ip t io n .  A lthough the  
re g io n  these fa c to r s  b in d  has been determ ined by DNAse fo o tp r in t in g  
expe rim en ts  (4 1 ,1 5 7 ,1 5 8 ), no la rg e  sca le  p u r i f i c a t io n  has been 
p o s s ib le , and the  best a v a i la b le  data  concerns ye a s t tRNA 
t r a n s c r ip t io n  fa c to r  w h ich  sedim ents as a la rg e  m acrom olecule in  
g ly c e ro l g ra d ie n ts  (Mr 300000) (1 5 9 ), bu t whose co m p os itio n  may be o f 
s e ve ra l p ro te in  s u b u n its  (4 1 ).
Both 5S RNA and tRNA t r a n s c r ip t io n  fa c to r s  rem ain  s ta b ly  bound 
to  the  in t ra g e n ic  prom oter f o r  se ve ra l rounds o r  t r a n s c r ip t io n .  T h is  
was shown using  c o m p e tit io n  experim en ts  (1 2 1 ,1 6 0 ), However, the  
fo rm a tio n  o f a s ta b le  complex w ith  some tRNA genes re q u ire d  two 
components (1 6 0 ), whereas w ith  58 RNA genes T F IIIA  can form  a s ta b le  
complex w ith  the  DNA in  the  absence o f a iy  o th e r fa c to r s  (5 9 ).
2 :3  Ribosomal RNA genes
In  c o n tra s t to  bo th  RNA polymerase I I  and I I I ,  RNA polymerase I  
has o n ly  one type o f t r a n s c r ip t io n  u n i t ,  namely the  ribosom al RNA 
(rRNA) gene (1 6 1 ).
The o rg a n is a t io n  o f these genes i s  o f a t r a n s c r ip t io n  u n i t  
c o n ta in in g  th e  cod ing  sequence f o r  188, 5 .8 8  and 288 rRNA, a lso
in c lu d in g  in te r n a l  tra n s c r ib e d  spacer, a l l  o f w hich i s  proceeded by a 
spacer re g io n  c o n ta in in g  sequences th a t  a re  no t tra n s c r ib e d  ( th e  
n o n -tra n s c r ib e d  s p a c e r) , and a ls o  those th a t  a re  tra n s c r ib e d  
(e x te rn a l tra n s c r ib e d  space r) (3 3 ,1 6 2 ,1 6 3 ). T h is  m u ltig e n e  fa m ily  i s  
tandem ly repeated in  a e u k a ry o t ic  genome (107).
The genes a re  tra n s c r ib e d  from  chromosomal lo c a t io n s  (n u c le o lu s  
o rg a n iz e rs )  deve lop  in t o  d is t in c t  s tru c tu re s ,  n u c le o li ,  in  w h ich  n o t 
o n ly  rRNA genes a re  tra n s c r ib e d , bu t ribosom e assembly takes p lace 
(1 0 8 ,1 09 ,1 61 ,16 4 ).
Again, in  c o n tra s t to  the  genes tra n s c r ib e d  by RNA polymerase I I  
and I I I ,  p rom oters f o r  these genes a re  no t obvious from  an a n a ly s is  
o f  the  DNA sequence. There appears to  be l i t t l e  hcraology between 
organism s, but however, w i th in  re la te d  groups hom ologies do e x is t
I.-'
(9 ) ;  f o r  example, mouse, r a t  and human genes show s tro n g  hcxnology 
from  -1 to  +18 ( r e la t iv e  to  the  t r a n s c r ip t io n  s t a r t  s i t e  +1) (1 6 5 );
X . la e v is , X . c l i v i i  and X .b o re a lis  from  -9  to  +14 (3 3 ,1 6 6 ,1 6 7 ); and
Saocharomj^ces ro s e i and 8 -c a r ls b e rg e n s is  f ro n  -9  to  +64 and +76 to  
+125 (1 6 8 ). A lso , d e le t io n  m utan ts  have e s ta b lis h e d  th e  requ irem en t 
f o r  sequences lo c a te d  im m ed ia te ly  upstream from  the  i n i t i a t i o n  s i t e  
(1 0 ,1 1 ,1 3 ). Base m u ta tio n a l a n a ly s is  has e s ta b lis h e d  th a t  a G 
re s id u e  a t  p o s it io n  -16  i s  e x tre m e ly  im p o rta n t f o r  t r a n s c r ip t io n  from  
the  mammalian rDNA prcamoter and i s  p robab ly  one o f the  key re s id u e s  
th a t  in te r a c ts  w ith  the  rRNA t r a n s c r ip t io n  fa c to r s  (1 2 ).
The X . la e v is  prom oter extends from  -142 to  +6 (1 4 ,1 6 9 ,1 7 0 ), bu t 
t r a n s c r ip t io n  i s  enhanced by sequences ly in g  f u r th e r  upstream in  th e  
spacer re g io n  (1 5 ). The spacer e f f e c t  cou ld  be a t t r ib u te d  to  
sequence e lem ents w h ich  are  60 o r 81bp lo n g  w hich i n  e i th e r
o r ie n ta t io n  can e x e r t  an in f lu e n c e  and a re  p resen t as m u lt ip le  cop ies
i n  the  spacer (1 7 1 ). The la r g e r  the  spacer p receed ing  th e  prom oter 
re g io n  the  g re a te r  the  c o m p e tit io n  s tre n g th  o f the  prom oter bu t as a 
consequence the  t o t a l  amount o f t r a n s c r ip t io n  decreases (1 7 1 ). T h is  
e f f e c t  i s  p robab ly  m ediated th rough  the  lo n g e r spacers b in d in g  more 
o f  a l im i t in g  amount o f t r a n s c r ip t io n  fa c to r  and p robab ly  e x p la in s  
n u c le o la r  dominance in  X . la e v is / X .b o re a lis  crosses where o n ly  
X . la e v is  rRNA genes, which have la rg e r  spacers, a re  tra n s c r ib e d  
(1 7 2 ,1 7 3 ).
L i t t l e  i s  known about th e  p ro te in s  in v o lv e d  i n  th e  re g u la t io n  o f 
the  rRNA genes execp t th a t  a t  le a s t  one o f the  t r a n s c r ip t io n  fa c to r s  
i s  spec ies  s p e c i f ic ,  ie .  mouse rDNA is  o n ly  tra n s c r ib e d  by c e l l  
e x t ra c ts  o f the  same spec ies . L ikew ise  the  same was concluded f o r
C i
pro tozoan  and human rRNA genes (1 1 ). The c e l l  e x tra c ts  have been 
fra c tioA o != «d  c h rc m a to g ra p h ic a lly  in t o  as mary as fo u r  f r a c t io n s  
A,B, C, D, and spec ies  s p e c i f i c i t y  co u ld  be a t t r ib u te d  to  f r a c t io n  D 
w hich was re q u ire d  f o r  f a i t h f u l  i n i t i a t i o n  o f t r a n s c r ip t io n  (4 2 ).
W ith  the  background o f  the  above in fo rm a tio n  and th e  r e s u l t s  o f  
the  preceed ing s e c tio n , th e  aim o f the  experim en ts  described  i n  t h i s  
s e c tio n  were to  e s ta b lis h  the  r o le ,  i f  any, o f  P48, P43 o r P40 in
c o n t r o l l in g  gene e x p re s s io n  a t  th e  le v e l o f d ir e c t  in te r a c t io n  w ith  
58 RNA genes o r tRNA genes o r  in d i r e c t l y  th rough the  in te r a c t io n  w ith  
o th e r p ro te in s .
MATERIALS AND METHODS
2 :4  M a te r ia ls
R e s t r ic t io n  endonucleases BamHI, H in d l l l  and EcoRI were 
purchased from  N o rth e rn  B iochem ica l L a b o ra to r ie s ; B g l l l ,  T4 
p o ly n u c le o tid e  k inase  were purchased f ra n  Amersham In te r n a t io n a l, 
N s i l  was frcm  New England B io la b s . B a c te r ia l a lk a l in e  phosphatase 
was from  Sigma Chemical Co. For N ic k  t r a n s la t io n ,  the  Amersham N ick  
T ra n s la t io n  K i t  was used. (x^P-ATP and ^^^P-ATP (3000 C i/mmol) were 
from  Amer sham In te rn a t io n a l.  ot*^P-dCTP (6000 Ci/mm ol) was purchased 
from  New England N u c le a r.
2 :5  Source o f P lasm id DNAs
Plasm ids p X lt8 l and pJ52 c o n ta in in g  the  tRNA^'^ and tR N A ^  genes 
re s p e c t iv e ly  were s u p p lie d  by Dr S tu a r t  C larkson, U n iv e rs ity  o f
Geneva. These genes were is o la te d  from  the  3 . l8 k b  re p e a t o f X . la e v is  
DNA w hich has c lu s te re d  w i t h in  t h i s  re g io n  the  genes encoding tRNA '^^ 
tRNA'*'* , tRNA'^'" , tRNA^^"', tRNA^'^ ,tR N A ^'"and  tRNA^^ (151,152 ,174)
Plasm ids pXlo8 and pXlo31 c o n ta in in g  m u lt ip le  and s in g le  
re p e a tin g  u n i ts  o f  X . la e v is  o o cy te -typ e  58 RNA genes have been 
described  (1 7 5 ,1 76 ). These p lasm ids, to g e th e r w ith  p lasm id  p X lo r lO l 
c o n ta in in g  a s in g le  re p e a tin g  u n i t  o f X. la e v is  rib o scm a l DNA (15) 
were su p p lie d  by Dr A d ria n  B ird ,  U n iv e rs ity  o f E dinburgh.
2 :6  N it ro c e llu lo s e  B in d in g  Assay
I n i t i a l  b in d in g  s tu d ie s  were c a r r ie d  o u t w ith  n icked  t ra n s la te d  
p lasm ids. ljug o f  pX lo8, pX lt81 o r p X lo r lO l were n ic k  t ra n s la te d  
u s in g  th e  n ic k  t r a n s la t io n  k i t  o f Amer sham In te rn a t io n a l p lu s  50;uCi«O 
“ p-dCTP.
F o llo w in g  n ic k  t r a n s la t io n ,  the  p lasm id  DNAs were e th a no l 
p re c ip i ta te d  w ith  3 volumes o f  e th a no l a t  -20*^ C o v e rn ig h t. The DNAs 
were c o lle c te d  by c e n t r i fu g a t io n  a t  lOOOOxg f o r  30mins, vacuum d r ie d  
and ra is e d  i n  50Qwl o f s tandard  b in d in g  b u f fe r  (SBB) c o n ta in in g  50mM 
N a d , lOmM T r is - H d ,  pH 7 .0 ,  ImM EDTA, 0.2% bovine  serim  a lbum in, 
0.2% F ic o l l  and 0.2% p o ly v i r y l  p y ro ll id o n e .
The p lasm ids were sheared by son ic a t io n  us ing  a Branson 
s o n ic a to r  a t  s e t t in g  6 w ith  6x10sec b u rs ts . Subsequent ana lyses were 
c a r r ie d  ou t us ing  r e s t r ic t e d  and end- la b e lle d  DNA fragm en ts  o f  th re e  
p lasm ids : pXlo8 (58 DNA) was c leaved w ith  BamHI a n d /o r H in d l l l ,  pJ52
(tD N ^^^ ) was c leaved w ith  EcoRI and H in d l l l  and p X lo r lO l (rDNA) was 
c leaved w ith  EcoRI and BamHI. Double d ig e s ts  us ing  two r e s t r ic t io n s  
endonucleases were r o u t in e ly  c a r r ie d  o u t i n  EcoRI b u f fe r  (50mM N a d , 
lOOraM T r is  pH7.5, lOmM MgCl^) in  a re a c t io n  volume o f 50u l f o r  I h r  a t  
37*C us ing  10un its /;ug  o f  p lasm id  DNA. F o llo w in g  r e s t r ic t io n ,  70/al o f 
0.3M sodium a ce ta te  pH7.4 was added fo llo w e d  by 12Qal o f c o ld  pheno l. 
A f te r  v o r te x in g  and s p in n in g  i n  an MSE Centaur c e n tr ifu g e  f o r  4m ins, 
a t  the  h ig h e r speed s e t t in g ,  lOO/il o f the  aqueous phase was removed. 
10Qul o f 0.3M sodium a ce ta te  pH7.4 was added to  th e  phenol phase, 
vo rte xe d  and spun aga in . lOQul o f the  aqueous phase was removed and 
poo led w ith  the  p re v iou s  lOOjul o f the  aqueous phase. DNA fragm ents
were then  p re c ip i ta te d  w ith  600;al o f c o ld  e th a n o l a t  -70*C  f o r  I h r  o r 
on ca rd ice  in  m ethanol f o r  30mins. P re c ip ita te d  fragm en ts  were then  
spun down in  th e  MSE Centaur c e n tr ifu g e  a t  llOOOxg f o r  5m ins. The 
e th a n o l was removed and, c o ld  80% e th a n o l was added to  r in s e  the  
p e l le t .  T h is  was spun f o r  Im in  i n  th e  Centaur c e n tr ifu g e  a t  llOOOxg 
and the  e th a no l removed. The p e l le t  was d is s o lv e d  i n  20C^1 o f 0.3M 
sodium a ce ta te  pH7.4 and r e p re c ip i ta te d  w ith  600;li1 o f c o ld  a b so lu te  
a lc o h o l.  (Double p r e c ip i ta t io n  ensures a l l  phenol i s  removed be fo re  
the  a d d it io n  o f the  next enzyme). F o llc w in g  th e  second 
p r e c ip i ta t io n ,  the  fragm en ts  were spun aga in  f o r  5mins a t  llOOOxg and 
th e  e th a no l removed. The fragm en ts  were then  vacuum d r ie d .  The next 
stage was 5* de p h o s p h o ry la tio n  o f the  fra gm en ts : The d r ie d
p r e c ip i ta te s  were ra is e d  i n  50;ul o f b a c te r ia l a lk a l in e  phosphate 
b u f fe r  (BAP b u f fe r )  c o n ta in in g  0.1M g ly c in e ,  ImM MlgCl^  ^ pH9.4, and 
vo rte xe d  f o r  2m ins. Then 0.1 u n i ts  o f b a c te r ia l a lk a l in e  phosphatase 
was added per Ijmg o f  p lasm id  DNA. T h is  was in cu b a te d  a t  37 * C f o r  
45mins. F o llo w in g  t h is  s te p , the  fragm ents  were phenol e x tra c te d  and 
p re c ip i ta te d  as above. A f te r  d ry in g , the  fragm ents  were then  ra is e d  
i n  50;al o f T4 p o ly n u c le o tid e  k inase  b u f fe r  (c o n ta in in g  50mM T ris -H C l 
pH7.6 , lOmMMgClj,, lOmM 2 -m e rca rp to e th a n o l) and vo rte xe d  f o r  2m ins. 
50uCi o f j  "^^P-ATP was added p lu s  lOu o f  T4 p o ly n u c le o tid e  k inase  per 
re a c t io n .
I f  a l l  r e s t r i c t io n  fragm en ts  were to  be used in  th e  assay, then  
fo l lo w in g  la b e l l in g ,  they were phenol e x tra c te d  as above. A f te r  
d ry in g , the  p r e c ip i ta te  was ra is e d  in  1ml o f SBB.
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I f  o n ly  gene in s e r t  sequences were used, they were p u r i f ie d  by 
g e l e le c tro p h o re s is .  An equal volume o f FDM b u f fe r  (10% F ic o l l ,  ImM 
EDTA, 0 .05  xy lene  cyano l and 0.05% bromophenol b lu e ) was added to  the  
re a c t io n  and th e  m ix tu re  a p p lie d  to  an 8% p o lyac ry lam id e  ge l in  80raM 
T r is -b o ra te  pH8.3, ImM EDTA. E le c tro p h o re s is  was f o r  2 -2 .5 h rs  a t  
15W. The la b e lle d  band(s) c o n ta in in g  th e  a p p ro p r ia te  sequence was 
lo c a te d  by au to rad iog raphy  f o r  30 -6Omin a t  4 *0 . The band was e xc ise d  
and immersed i n  1ml o f e lu t io n  b u f fe r  (0.5M ammonium a c e ta te , ImM 
EDTA pH7.0 ) .  E lu t io n  was f o r  18 h r  a t  37*0. T h is  was fo llo w e d  by 
phenol e x tra c t io n .  1-2pg o f E .c o l i  TMk and 10;ug o f  bovine serum
album in  was added to  the  aqueous phase a f t e r  phenol e x tra c t io n ,  and
t h is  phase was e th a n o l p re c ip i ta te d  a t  -2 0 *0  o v e rn ig h t.  F o llo w in g  
p r e c ip i ta t io n ,  the  fragm ents  were spun down a t  llOOOxg f o r  30min and 
vacuum d r ie d .  The d r ie d  fragm en ts  were then  ra is e d  in  1ml o f
s tandard  b in d in g  b u f fe r .
P ro te in  f r a c t io n s  to  be te s te d  f o r  DNA b in d in g  a c t i v i t y  were 
p repared f o r  g e l e le c tro p h o re s is  by e thano l p r e c ip i ta t io n  from  a 
sucrose g ra d ie n t f r a c t io n  c o n ta in in g  th e  a p p ro p r ia te  p ro te in s ,  then  
ra is e d  in  e le c tro p h o re s is  sample b u f fe r .  The p ro te in s  were then
e le c tro p h o re se d  on a SDS 15% p o lyac ry lam id e  ge l (see S e c tio n  1 ) .  The 
c u rre n t was stopped as th e  bromophenol b lue f r o n t  reached th e  end o f 
the  g e l.  The p ro te in s  were then  e le c t r o p h o r e c t ic a l ly  t ra n s fe r re d  to  
n i t r o c e l lu lo s e  in  25mM T r is ,  192mM g ly c in e ,  20% methanol pH8.3 fo r  
2 0h r a t  30V, 0.1 A.
-J
A fte r  t r a n s fe r ,  the  n it r o c e l lu lo s e  f i l t e r  was f i r s t  washed in  
re n a tu ra t io n  b u f fe r  c o n ta in in g  4M urea, 50mM NaCl, O.ImM 
d i t h io t h r e t i o l ,  ImM EDTA and lOmM T ris -H C l pH7.0, f o r  Ih r .  The 
f i l t e r  was th e n  washed th re e  tim e s , 20min each wash in  s tandard  
b in d in g  b u f fe r .  The f i l t e r  was then  sealed i n  a p la s t ic  bag w ith  
s tandard  b in d in g  b u f fe r  c o n ta in in g  250/ig/m l o f so n ica te d  E . c o l i  DNA 
to  a c t as b lo c k in g  agent f o r  n o n -s p e c if ic  b in d in g . T h is  in c u b a t io n  
was f o r  I h r  and was fo llo w e d  by the a d d it io n  o f 0 .2 -0 .25/ig o f  
r e s t r ic te d  e n d - la b e lle d  o r  n ic k - t ra n s la te d  sheared DNA o r 15ng o f 
e n d - la b e lle d  gene fragm ent to  th e  b lo c k in g  s o lu t io n  i n  th e  bag. T h is  
was in cu ba ted  f o r  a fu r th e r  1 h r  b e fo re  washing th re e  tim es  in  
s tandard  b in d in g  b u f fe r .  The f i l t e r  was then  b lo t - d r ie d  between two 
p ieces  o f t is s u e  paper and s e t up f o r  au to rad iog raphy f o r  2 -1 8hr a t  
- 70*0 .
In  expe rim en ts  where the  p ro te in s  were in cu b a te d  i n  th e  presence 
o f z in c ,  15uM ZnSO^ rep laced  ImM EDTA.
For the  is o la t io n  o f re g io n s  c o n ta in in g  ’ A» box and box
sequences frcm  p lasm id  pJ52, t r i p l e  d ig e s t io n s  o f t h i s  p lasm id  were 
c a r r ie d  o u t us ing  EcoRI, H in d l l l  and B g l l l ,  a l l  o f w h ich  were a c t iv e  
i n  EcoRI b u f fe r .  Fragments o f  lOObp and I69bp were is o la te d  from  an 
8% g e l as desc ribe d  above.
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2 :7  End la b e l l in g  th e  320bp fragm ent frcm  pX lt81 c o n ta in in g  th e  tRNA i 
gene.
p X lt8 l was r e s t r ic te d  w ith  N s i l  to  re le ase  a 320bp fragm ent
tAeJ»c o n ta in in g  th e  tRNAi gene and 5* and 3 ' f la n k in g  sequences.
L a b e llin g  was c a r r ie d  o u t a t  th e  N s i l  r e s t r ic te d  end by removing 
n u c le o tid e s  (a t  37*C, I h r )  and f i l l i n g - i n  w ith  the  Klenow fragm ent o f 
DNA polym erasel ( a t  15°C f o r  15mins) in  th e  presence o f c '^^^P-dATP and 
c o ld  dCTP, dGTP and dTTP. The la b e lle d  DNA was the n  sepera ted  on a 
6% p o lyac ry lam id e  g e l and e lu te d .
2 :8  Gel re te n t io n  assay
R e s tr ic te d  e n d - la b e lle d  pJ52 (d e sc rib e d  above), the  269bp 
E c o R I/H in d ll l  in s e r t  o f pJ52, the  320bp N s i l  fragm ent o f pX lt81 o r 
the232bp E co R I/P vu II fragm ent o f pUC9 ( g i f t  o f L .C la rk e ) were used in  
t h i s  assay. 0 .5 -2 .5 ^ g  o f 428 p a r t ic le s  were m ixed w ith  2ng o f 
r e s t r ic te d  end la b e lle d  pJ52 i n  th e  presence o f 0.1 u n i ts  o f RNAse A
and T ^ , l^ g  BSA and Ijüg pBR322. B in d in g  occu rre d  in  50-500mM 
NaCl, lOmM T ris -H C l ïÆÎ7.4, 15uM ZnSO^ (NTZ b u f fe r ) ,  in  a re a c t io n  
volume o f 15jnl. A f te r  30min f o r  e q u i l ib r a t io n  e i t h e r  a t  0 * C o r 20°C, 
the  re a c t io n  was d i lu te d  w ith  45jli1 o f NTZ b u f fe r  a t  th e  a p p ro p r ia te  
N a d  c o n c e n tra tio n  c o n ta in in g  5% g ly c e ro l and 0.1% X y le æ  cya no l. 
T h is  b u f fe r  was added a t  the  in c u b a t io n  tem pera tu re  o f the  re a c t io n .  
Samples were a p p lie d  to  a 6% p o lyac ry lam id e  g e l i n  0.08M T r is -b o ra te  
pH8.3, ImM EDTA and e le c tro p h o re s e d  a t  15W f o r  2h r  (1 7 7 ,1 78 ). The 
g e l was then  mounted on Whatmann N o .1 paper, covered in  c l in g  f i lm  
and s e t up f o r  au to rad iog raphy  f o r  l8 h r  a t 4*’ c.
2:9  üinmunoprecipitation of p ro te in -DNA complexes
A n tib o d ie s  were coupled to  p ro te in  A-Sepharose beads as 
desc ribe d  i n  S e c tio n  1:17
In  v i t r o  b in d in g  was c a r r ie d  o u t as described  above, e i th e r  w ith  
o r w ith o u t 8M urea to  s o lu b i l iz e  the  components o f the  42S p a r t ic le .  
A f te r  d ia ly z in g  o u t th e  urea, th e  p roduc t o f the  b in d in g  re a c t io n  was 
in cu b a te d  w ith  an a n t ib o d y - lin k e d  p ro te in  A-sepharose beads f o r  I h r  
a t  rocM tem pera ture  (2 0 °C) w ith  fre q u e n t a g i ta t io n .  The supe rna tan t 
was the n  removed and th e  beads washed f i v e  tim es  w ith  NTZ b u f fe r  o f 
the  a p p ro p r ia te  NaCl c o n c e n tra t io n . I f  no urea was used in  th e  f i r s t  
in s ta n c e , the  a n t i  b o d y - lin k e d  beads were added d i r e c t ly  to  the  
b in d in g  re a c t io n  a f t e r  3Omin.
To re le a se  the  bound DNA from  the  a n t ib o d y - lin k e d  beads, the  
beads were t re a te d  w ith  a 100^1 o f p re incuba ted  p ro te in a s e  K a t  
lOOjpg/ml in  1% S a rkosy l, 20mM EDTA, 50mM T ris -H C l pH8.4 and the  
p ro te in  was d ig e s te d  o v e rn ig h t a t  4°C. T h is  was fo llo w e d  by the  
a d d it io n  o f  lOjug o f y e a s t tRNA as c a r r ie r ,  then  th e  DNA fragm ents  
were phenol e x tra c te d  and e th a n o l p re c ip i ta te d  a t  -2 0 ° C o v e rn ig h t. 
The DNA fragm ents were then  prepared f o r  e le c tro p h o re s is  by sp in n in g  
down the  p r e c ip i ta te ,  vacuum d ry in g  and r a is in g  in  IQ u l o f FDM b u f fe r  
(10% F ic o l l ,  lOmM EDTA, 0.09% Xylene cyano l, 0.01% bromophenol b lu e ) .  
The immunopreci p i ta te  d DNA was th e n  a p p lie d  to  an 8% p o lyac ry lam id e  
g e l in  0.08M T r is -b o ra te  pH8.3, ImM EDTA and ru n  a t  15W f o r  2 .5 h r .  
The ge l was d r ie d  down and s e t up f o r  au to rad iog raphy  f o r  3-4  days a t  
-70*C .
2:10 DNAse p ro tec tio n  experiments
The E o o R I/H in d IÏ I  fragm ent c o n ta in in g  the  269bp in s e r t  o f pJ52 
was la b e lle d  a t  the  5 * end o f  e i t h e r  the  non-cod ing o r  cod ing  s tra n d . 
To la b e l the  non-cod ing  s tra n d  th e  p lasm id  was f i r s t  d ig e s te d  w ith  
EcoRI, end- la b e lle d  as desc ribe d  above and th e n  c leaved w ith  
H in d l l l .  To la b e l the  coding s tra n d  the  enzyme d ig e s t io n s  were 
re ve rse d . The fragm en ts  were p u r i f ie d  on an 8$ p o lya c ry la m id e  g e l in  
SOmM T r is - b o ra te , pH8.3, ImM EDTA as desribed  above. Ihe  e lu te d  
fragm en ts  were then  phenol e x tra c te d  and 1_pg o f pBR322 and 1Qng o f  
bovine serum a lbum in  were added to  a c t as c a r r ie r s  f o r  p r e c ip i ta t io n  
w ith  3 volumes o f  e th a n o l a t  -20®C o v e rn ig h t.
F o llo w in g  p r e c ip i ta t io n ,  the  ÏMA fragm ents  were spun down, 
vacuum d r ie d  and ra is e d  i n  b in d in g  b u f fe r  c o n ta in in g  lOOmM NaCl, lOraM 
T ris -H C l pH7.4, 0.5mM CaOL^, 5mM 7.5mM (N H *)! 80^ and O.ImM
ZnSO/^. B in d in g  was c a r r ie d  o u t in  t h is  b u f fe r  as described  in  
S e c tio n  2 :8  w ith  e i t h e r  the  fragm ent la b e lle d  on th e  cod ing  o r 
nonr-coding s tra n d . A f te r  b in d in g , 2 .5 -100ng o f DNAse 1 was added in  a 
50u l o f b in d in g  b u f fe r  and d ig e s t io n  a llow ed  to  proceed f o r  30sec -  
5m in. The DNAse 1 d ig e s t io n  was te rm in a te d  w ith  50u l s top  b u f fe r  
c o n ta in in g  3M ammonium a c e ta te , 0.2M EDTA and 150jug/ml o f so n ica te d  
E . c o l i  DNA. The d ig e s te d  DNA was phenol e x tra c te d  and p re c ip i ta te d
w ith  3 volumes o f c o ld  100$ e th a n o l a t  -7 0 * C o v e rn ig h t.
DNA fragm ents were spun down, vacuum d r ie d  and ra is e d  in  5-10>iL 
o f 98$ d e -io n iz e d  form am ide, lOmM EDTA, The DNA was denatured by 
h e a tin g  a t  90* C f o r  3 m in and a p p lie d  to  an 8$ DNA sequencing g e l run
i n  90mM T r is -b o ra te ,  2mM EDTA, p re -ru n  f o r  I h r  a t  1200V, SOW. 
E le c tro p h o re s is  was c a r r ie d  o u t a t  the  above v o lta g e  and w a ttage  f o r  
a fu r th e r  2 .5 -3 h r .  A u to ra d io g ra p h ic  exposures o f  w e t g e ls  were made 
a t  -70®C f o r  1-2 days.
RESULTS
2:11 Plasmids
(a ) p X lt8 l c o n ta in s  a X . la e v is  tRNA. gene?^ A 775bp fragm ent o f 
the  3.18Kb re p e a tin g  u n i t  o f tRNA genes was c loned  in t o  the  EcoRI 
s i t e  o f pBR322. The * A* and »B» boxes a re  shown i n  b la c k  ( f i g . 33, 
S. G. C la rkson  pers . comm.) .
(b ) pJ52 c o n ta in s  a X . la e v is  tRNA, gene. A 269bp fragm ent o f 
th e  3.18Kb re p e a tin g  u n i t  was c loned in t o  th e  C la l/E co R I s i t e  o f 
pBR322. The ’ A* and *B» boxes a re  shewn in  b la c k  ( f i g . 33, 
S.G. C la rkson  pers . comm.)
(c )  pXlo8 c o n ta in s  a X . la e v is  o o cy te -typ e  5S RNA gene. Four 
tandem re p e a tin g  u n i ts  were c loned  in t o  th e  H ind I I I  s i t e  o f pMB9 
(1 1 5 ). The re p e a tin g  u n i ts  a re  600bp. The in te r n a l  c o n tro l re g io n  
i s  shown i n  b la c k  ( f i g . 3 3 ) .
(d ) p X lo r lO l c o n ta in s  X . la e v is  ribosom a l RNA genes. A 11.52Kb, 
H in d l l l  fragm ent was c loned  in t o  the  H in d l l l  s i t e  o f pMB9 (15, 
R.Reeder pe rs . comm.). T h is  c lone  c o n ta in s  th e  n o n -tra n s c r ib e d  
spacer (NTS), the  e x te rn a l t ra n s c r ib e d  spacer (ETS), 188, 5 .8 8 , 
in te r n a l  tra n s c r ib e d  spacer and 288 gene sequences ( f i g . 3 3 ).
2 :1 2  In  v iv o  in h ib i t i o n  o f  58 RNA and tRNA s y n th e s is .
M ic ro in je c t io n  in t o  Xenopus oocytes o f  exogemovx^s genes c loned 
i n  p lasm id  v e c to rs  has been a u s e fu l method o f  s tu d y in g  gene 
e x p re s s io n  (1 0 5 ,1 1 5 ). T h is  approach i s  used here to  assess th e
F ig .33. R e s t r ic t io n  maps o f the  p lasm ids used i n  t h i s  th e s is .  (a )
PVvA.pJ52 c o n ta in in g  the  gene f o r  tRNA ; (b ) p X lt8 l c o n ta in in g  th e  gene 
f o r  tRNA^^ ; (c )  pXlo8 c o n ta in in g  fo u r  tandem re p ea ts  o f the  58 RNA 
gene i s  th e  58 RNA pseudogene); (d ) p X lo r lO l c o n ta in in g  th e  
ribosom al RNA gene t r a n s c r ip t io n  u n i t  c o n s is t in g  o f  18S, 5 .8 8  and 288 
rRNA genes.
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e f fe c t  o f a n tib o d ie s  ra is e d  to  P48, P43 and P40 o f X . la e v is  and P40 
o f X. b o re a lis  (see S e c tio n  1) on 58 RNA and tRNA s y n th e s is  frcm  the  
p lasm ids pXlo8 and p X lt8 1 .
To assess th e  e f f e c t  o f these a n tib o d ie s  on 58 RNA o r tRNA 
t r a n s c r ip t io n ,  exogenous 58 RNA and tRNA genes were used because the  
le v e l o f s y n th e s is  frcm  endogenous genes i s  n o t s u f f ic ie n t  f o r  ra p id  
a n a ly s is ,  and p o s s ib ly  preform ed p ro te in /D N A  in te r a c t io n s  may no t be 
in te r ru p te d  o r  d is s o c ia te d  by subsequently  in je c te d  a n tib o d y .
(a ) I n h ib i t io n  o f 58 RNA t r a n s c r ip t io n .  pX lo8 , IgG and.o(*^P-GTP 
were s im u lta ne o us ly  in je c te d  in t o  th e  n u c le i o f stage 2 -3  oocytes o f 
X . la e v is .  RNA e x tra c te d  frcm  oocytes in je c te d  w ith  pre-immune IgG 
and fo llo w e d  by a 18hr in c u b a t io n , shows a s tro n g  s ig n a l o f ^^P 
la b e lle d  58 RNA ( f i g . 3 4 ) . A s ig n a l o f equal in te n s i t y  i s  a ls o  
o b ta in ed  by in je c t in g  a n ti-P 4 3  w ith  t h is  p lasm id . Hcwever, a n ti-P 4 0  
has an in h ib i t o r y  e f fe c t  on 58 RNA t r a n s c r ip t io n  in  t h is  system, 
re d uc in g  t r a n s c r ip t io n  frcm  pXlo8 by 4 -5  fo ld  i n  com parison w ith  the  
pre-immune IgG. M oreover, a n ti-P 4 8  in je c te d  w ith  pXlo8 a ls o  reduces 
t r a n s c r ip t io n  o f  58 RNA by a pp ro x im a te ly  4 fo ld .
The o th e r an tib o dy  te s te d  in  t h is  system, a n ti-P 4 0  o f 
X .b o re a l is , does n o t i n h ib i t  58 t r a n s c r ip t io n  from  pX lo8. T h is  i s  
c o n s is te n t w ith  the  la c k  o f  c ro s s - re a c t io n  o f  a n tib o d ie s  ra is e d  
a g a in s t X. la e v is  P40 and X. b o re a lis  P40 d e sc rib e d  i n  8 e c t io n  1. 
In je c t io n  o f these a n t ib o d ie s  does no t have a g en e ra l e f fe c t  on 
re d u c in g  RNA t r a n s c r ip t io n .  As an in te r n a l c o n t ro l,  the  le v e l o f 
endogenous tRNA s y n th e s is  i s  th e  same in  a l l  o f these in je c t io n s .
F ig .34. In  v iv o  in h ib i t i o n  o f t r a n s c r ip t io n ,  (a ) in h ib i t i o n  o f  58 
RNA t r a n s c r ip t io n  from  pXLo8. 20n l o f a m ix tu re  c o n ta in in g  I60 jjg /m l 
pXlo8 and 5 .5 mg/ml o f an tib o dy  was in je c te d  in t o  the  nucleus o f  50 
stage 2-3  oocytes. The in je c t io n  m ix tu re  con ta ined  e i t h e r  pre-immune 
IgG ( p i ) ,  a n ti-P 4 0  IgG (a -P 4 0 ), a n ti-P 4 8  IgG (a -P 4 8 ), a n ti-P 4 3  
(a-P43) o r  X. b o re a lis  a n ti-P 4 0  IgG (a-P40 X .b . ) .  (b ) i n h ib i t i o n  o f
tRNA t r a n s c r ip t io n  from  p X l t8 l .  20n l o f a m ix tu re  c o n ta in in g  
I60;ug/ml o f p X lt8 l and 5.5mg/ml o f a n tib o dy  was in je c te d  in t o  the  
nucleus o f 50 stage 2-3  X . la e v is  oocy tes . The the  in je c t io n  m ix tu re  
con ta ined  e i th e r  pre-immune IgG ( p i ) ,  a n t i-P 4 8 IgG (a -P 4 8 ), a n ti-P 4 3  
IgG (a-P43) o r a n ti-P 4 0  IgG (a -P 4 0 ). The p o s it io n s  o f 5 .8 8 , 58 and
tRNA a re  in d ic a te d .
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2Thus the  in h ib i t o r y  e f fe c ts  o f  a n ti-P 4 0  and a n ti-P 4 8  are 
d ire c te d  p r im a r i ly  a g a in s t t r a n s c r ip t io n  o f 58 RNA genes and a n ti-P 4 0  
shows species s p e c i f i c i t y  w ith  re p e c t to  the  a b i l i t y  to  in te r fe r e  
w ith  the  presumed a c t i v i t y  o f  P40 (T F I I IA ) .
(b ) tRNA t r a n s c r ip t io n .
T ra n s c r ip t io n  from  p X lt8 l was ana lysed  by a s im i la r  p ro tc o l.  In  
t h i s  assay a s tro n g  s ig n a l o f  ^ ^ P -la b e lle d  tRNA was o b ta in e d  from  
oocytes in je c te d  w ith  pre-immune IgG ( f ig .3 4 b )  and a ls o  from  oocytes 
in je c te d  w ith  a n ti-P 4 0 . However, in je c t io n  o f e i th e r  a n ti-P 4 3  o r 
a n ti-P 4 8  reduced t r a n s c r ip t io n  from  p X lt8 l by 3 -4  fo ld .
As an in te r n a l  c o n t ro l,  the  s y n th e s is  o f  58 and 5 .8 8  RNA from  
endogenous genes i s  co ns ta n t re g a rd le s s  o f w hich a n tibody  is  
in je c te d .  T h is  in d ic a te s  th a t  the  p rim a ry  e f fe c t  o f a n t i-P 4 8 and 
a n ti-P 4 3  i s  d ire c te d  a g a in s t tRNA s y n th e s is  from  p X lt8 1 .
These r e s u l t s  ta ke n  as a whole show th a t  a n ti-P 4 0  in h ib i t s  58 
RNA t r a n s c r ip t io n  (a r e s u l t  n o t unexpected from  p u b lish e d  w ork (62,97 
1 0 3 )) , but has no e f fe c t  on tRNA s y n th e s is . A n ti-P 43  in h ib i t s  tRNA 
o n ly , whereas a n ti-P 4 8  has an in h ib i t o r y  e f fe c t  on bo th  tRNA and 58 
RNA s y n th e s is .
The le v e l o f endogenous s y n th e s is  o f  58 RNA o r tRNA s y n th e s is  i s  
r e la t iv e ly  co n s ta n t in  these expe rim en ts . One in te r p r e ta t io n  i s  th a t  
the  a n tib o d ie s  have le s s  a f f e c t  on RNA s y n th e s is  o f preform ed 
pro te in -D N A  complexes.
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2:13  I d e n t i f i c a t io n  o f s p e c i f ic  5S RNA gene and tRNA gene b in d in g  
p ro te in s .
A n ti-P 40  ra is e d  to  th e  X . la e v is  P40 (T F I I IA )  p ro te in  i s  
m o n osp e c ific  and s p e c ie s -s p e c if ic  (see s e c tio n  1 :2 2 ) .  The in h ib i t i o n  
o f  58 RNA s y n th e s is  from  pXlo8 by a n ti-P 4 0  i s  p robab ly  due to  th e  
i n h ib i t i o n  o f fo rm a tio n  o f a c t iv e  gene complexes in v o lv in g  P40
(T F I I IA ) .  The p o s s ib i l i t y  th e re fo re  e x is ts  th a t  th e  in h ib i t o r y
e f fe c t  o f a n ti-P 4 8  and a n ti-P 4 3  on 58 RNA a n d /o r tRNA s y n th e s is  i s  
due to  th e  in h ib i t i o n  o f  P48 o r P43 b in d in g  t o  th e  re s p e c tiv e  gene 
prom oters.
T h is  p o s s ib i l t y  i s  in v e s t ig a te d  here w ith  a q u ic k  and conven ien t 
assay to  d e te c t the  b in d in g  o f  s p e c i f ic  DNA sequences to  s p e c i f ic  
p ro te in s .  B r ie f ly ,  th e  p ro te in s  o f  in te r e s t  a re  separa ted  by SD8- 
p o lyac ry lam id e  g e l e le c tro p h o re s is ,  then  e le c t r o p h o r e c t ic a l ly  
t ra n s fe r re d  to  n itro c e llv .\o s e . The n it r o c e llo s e  i s  processed th rou g h  a 
s e r ie s  o f  washes w h ich  in c lu d e s  the  in c u b a t io n  i n  ra d io a c t iv e ly  
la b e lle d  DNA o f th e  sequence o f in te r e s t  (8 5 ).
I n i t i a l l y  t h is  a n a ly s is  was c a r r ie d  ou t w ith  n ic k - t ra n s la te d
p X lt8 1 , pXlo8 and p X lo r lO I.  P ro te in s  o f in te r e s t  a re  con ta in ed  in  
sucrose g ra d ie n t f r a c t io n s  o f  ribosom es, the  428 RNP p a r t ic le  peak 
and th e  78 RNP p a r t ic le  peak. F ig .35 shows th e  r e s u l t s  o f t h is
a n a ly s is .  L a b e lle d  DNA was d e te c ted  by au to rad iog raphy  bound to  a 
p ro te in  o f Mr 40000 from  th e  78 re g io n  o f a sucrose g ra d ie n t and to  a
p ro te in  o f Mr 48000 from  the  428 re g io n  o f a sucrose g ra d ie n t
fo l lo w in g  an in c u b a t io n  w ith  la b e lle d  pX lo8. Comparison o f
F ig .35. B in d in g  o f  ra d io la b e lle d  DNA to  f r a c t io n s  o f  homogenised 
oocy tes . (a ) p re v ite l lo g e n ic  ovary was homogenised and f ra c t io n a te d  
by c e n t r i fu g a t io n  in t o  th e  fo l lo w in g  f r a c t io n s :  428 p a r t ic le s  (42)
and 78 p a r t ic le s  (7 ) .  A f te r  t r a n s fe r  o f p ro te in s  to  n i t r o c e l lu lo s e  
the  f i l t e r  was p re incuba ted  w ith  c o ld , so n ica te d  E . c o l i  IMA 
( 250/ig /m l) f o r  I h r .  0.25;ag o f n ic k  t ra n s la te d  pXlo8 pX lt81 o r 
p X lo r lO l was added and in cu b a te d  f o r  a f u r th e r  I h r .  A f te r  th re e  
washes the  n i t r o c e l lu lo s e  was b lo t  d r ie d  and s e t up f o r  
au to rad iog raphy  a t  -70*C .
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a u to ra d iog ra p hs  w ith  Coomassie b lu e -s ta in e d  g e ls  gave p o s it iv e  
id e n t i f i c a t io n  o f these p ro te in s  as P40 and P48 ( f i g . 3 5 ).
P43 o f the  428 RNP p a r t ic le  bound ra d io a c t iv e  la b e l le d  DNA on 
in c u b a t io n  w ith  ^ ^ P - la b e lle d  p X ltS I and p X lo r lO l ( f i g . 3 5 ) . B in d in g  
t o  ribosom a l p ro te in s  d id  n o t occur (d a ta  no t shewn). As re p o rte d  
e lsew here  (1 1 3 ,1 80 ), z in c  form s an in te g r a l  p a r t  o f  the  T F IIIA  
m o lecu le  (P 40). However in  t h i s  assay, the  rep lacem ent o f O.ImM EDTA 
by 15;uM z in c  su lp h a te  does n o t enhance o r d im in is h  the  b in d in g  o f  any 
o f these p la a a id s  t o  P48, P43 o r P40,
fu r th e r  a n a ly s is  was c a r r ie d  o u t us ing  p lasm id  pJ52 (c o n ta in in g  
tRNA gene ). In  t h i s  a n a ly s is  pJ52 was c u t w ith  EcoRI and H in d l l l  
b e fo re  5 end la b e l l in g .  The in s e r t  was separa ted from  th e  p lasm id  
sequence by p o lyac ry lam id e  g e l e le c tro p h o re s is ,  then  th e  in s e r t  
te s te d  a g a in s t 428 and 78 RNP p a r t ic le  p ro te in s .  P43 i s  the  on ly  
p ro te in  to  b ind  t h i s  in s e r t .  No b in d in g  o f pBR322 to  P43 was
observed (d a ta  no t shown).
T ra n s c r ip t io n  fa c to r  b in d in g  to  tRNA genes has been re p o r te d  to  
be s tro n g e r to  ^B’ box sequences th a n  a t  the  » A* box sequence 
(41 ,153, 157). T h is  was te s te d  i n  th e  b in d in g  assay u s in g  a fragm ent 
o f pJ52 c o n ta in in g  e i t h e r  the  5 * f la n k in g  sequence p lu s  the  *A* box 
sequence (-67  to  +37) o r  the  3* f la n k in g  sequence p lu s  th e  ’ B* box 
sequence (+38 to  +192 ). Both fragm en ts  b in d  to  P43, in d ic a t in g  th a t
they each c o n ta in  sequences e i t h e r  w i t h in  th e  tRNA gene o r in  i t s
f la n k in g  re g io n s  w h ich  a re  reco gn ise d  by P43 ( f i g . 3 6 ) . P lasm id
pBR322 d id  n o t b in d  P43 in  t h i s  assay (d a ta  no t shown).
F ig .36. B in d in g  o f ra d io la b e lle d  DNA c o n ta in in g  e i t h e r  'A * box o r 
'B * box sequences to  P43. pJ52 was c leaved w ith  EcoRI, H in d l l l  and 
B g l l l  to  re le ase  the  269bp in s e r t  as two p o r t io n s , one c o n ta in in g  th e  
'A ’ box (-67  to  +37) o r 'B * box sequence (+38 t o +192 ). The 
fragm ents  were ,5 ’ end la b e lle d  w ith  if ^ ^P-ATP and separa ted  on a 6% 
p o lyac ry lam id e  g e l.  The e lu te d  DNA fragm en ts  were te s te d  f o r  b in d in g  
t o  p ro te in s  im m o b ilize d  on n it r o c e l lu lo s e  as d sc rib e d  in  F ig .35.
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2 :14  D e te c tio n  o f p ro te in -D N A  complexes formed between 42S RNP 
p a r t ic le s  and tRNA genes.
A conven ien t te s t  f o r  the  fo rm a tio n  o f s ta b le  prote in-D N A 
complexes i s  to  m ix DNA and p ro te in  in  s o lu t io n  and th e n  a pp ly  the  
m a te r ia l to  a 6% p o lya c ry la m id e  g e l.  P rotein-DNA complexes w ith  
l i f e t im e s  o f a few m inu tes can be d e tec ted  by the  g e l assay, even 
though e le c tro p h o re s is  tim e  o f the  a n a ly t ic a l g e l i s  i n  the  o rd e r o f 
hours (1 7 7 ,1 78 ). The d u ra t io n  o f  the  a n a ly t ic a l g e l run  has no 
e f f e c t  on the  d is t r ib u t io n  o f  proteinr-DNA complexes (1 7 7 ).
In  t h is  assay system uncomplexed DNA m ig ra te s  to  i t s  normal 
p o s it io n  i n  the  g e l.  However, DNA complexed w ith  p ro te in  w i l l  be 
d is p la c e d  fu r th e r  tcw ards th e  o r ig in  depending upon th e  number o f 
p ro te in  m o lecu les  bound (1 7 7 ,1 7 8 ).
The assay was used here to  determ ine o p tim a l c o n d it io n s  f o r  
b in d in g  428 p a r t ic le  p ro te in s  to  th e  269bp in s e r t  o f pJ52 c a r ry in g  
th e  tRNA gene. I n i t i a l l y ,  p ro te in s  i n  th e  form  o f 428 p a r t ic le s  
were used and i t  was cons ide red  necessary to  d is ru p t  th e  428 RNP 
p a r t ic le  by tre a tm e n t w ith  8M urea, fo llo w e d  by re n a tu ra t io n  o f 
p ro te in  in  the  presence o f DNA, by d ia ly s in g  o u t the  urea. However, 
s t ra ig h t fo rw a rd  m ix in g  o f  428 RNP p a r t ic le s  w ith  DNA i n  b u ffe re d  s a l t  
s o lu t io n  was found to  be e q u a lly  e f fe c t iv e  i n  fo rm in g  p ro te in -D N A  
complexes ( f i g . 3 7 ) . R e c o n s t itu t io n  i n  the  presence o f RNAse re s u lte d  
i n  more o f the  DNA be ing  bound by p ro te in s  ( f ig .3 7 A ) ,  presumably 
because p ro te in  i s  d is p la c e d  from  the  RNP p a r t ic le  on RNA d ig e s t io n .  
Using the  m ix in g  procedure w ith  RNase, the  a f f e c t  o f NaCl
u ' l  r e t e n t i o n  o f  tru,A r e r *  r e q r e r c e r  tr; 428 r i r t i o l o o .  I n  
oh r m a r r i r n  ni 428 r ^ r t i c l o o  r o r o  n l x o c  w i t n  2r<^ o f  5 '
' T f - 1 ^ b ^ l lp d  A. ih?* b^- j ic  r o ^ o t i o n  c o n d i t i o n s  i r  iuOmr. iMat l .
i ünla r i ‘‘- l i O l . i . rCl^  r l r r  Inp o f  nuh322 end 0 .1  u n i t s  o f
iu,are A. 11 r r^o l 2  i n  n r ^ a ^ t i o n  volume of 2 ü u l .  ( A ) .  ( - )  428
r " r t i c l o r  r l  no the  2u9bn L o o i i l / . i i ’•■ci l i  i n s e r t  of  n j^2 w i t h o u t  AHAoe 
r r ^ f ' r t  c ' u r i r r  the  r e a c t i o n ;  (-!-J 428 n a n t i r i e z  n in e  0 .1  uni t r  of  
iù'Mr? A. i l  rnd 12.  w i t h  c i t h e r  the 2o9bp O o o x t l / h i n d l l l  i n n e r t  of  
''Jt>2 or c 232 br  1 r a m e n t  iron? ru 89. (b )  I h e  e f f o r t  of  s a l t
cencor t  r ' ' t i e r .  428 r s r t i c l e r  were in c ub a te d  w i t h  th e  2ü9bn
n o o ^ l / A l r d i l l  i n s e r t  of  nJ52 in  th e  n r o r e r c e  of id^Ase w i t h  the
d i f f e r e n t  i.oOl c o n c e n t r a t i o n s  I n d i c a t e d  i i r s o k  n -  no m o t e l n  added 
no in  a r o a o t i o n j .
+ 100mMNâCl
RNase M -  + + M
tDNA— .pUC
B +RNase
NaCl
tDNA
c o n c e n tra t io n  on fo rm a tio n  was te s te d . As f ig .3 7 B  shows in c re a s in g  
NaO. C o n ce n tra tio n  above a c e r ta in  le v e l decreases th e  a b i l i t y  o f 
the  p ro te in s  to  b in d  th e  DNA. The o p tim a l c o n c e n tra t io n  f o r  s ta b le  
complex fo rm a tio n  i s  about lOOmM NaCl. These r e s u lts  a re  comparable 
w ith  the  b in d in g  o f  fa c to r  T to  the  y e a s t tRNA^ gen e , where o p tim a l 
b in d in g  i s  a t  135mM KCl (4 1 ) .  A t o p tim a l NaCl c o n c e n tra t io n  f o r  428 
RNP p a r t ic le  p ro te in  b in d in g , a 232bp e n d - la b e lle d  fragm ent from  pUC9 
was unable to  b in d  to  428 RNA p a r t ic le  p ro te in s  as a s p e c i f ic  complex 
( f ig .3 7 A ) .
W ith  t h is  method o f a n a ly s is  two complexes may be observed in  
th e  g e l.  F ig .38 shows th e  e f f e c t  o f in c re a s in g  p ro te in  c o n c e n tra t io n  
i n  th e  assay. As th e  amount o f f re e  DNA decreases i n  t h i s  assay the  
amount o f c o m p le x ll in c re a s e s  p ro p o r t io n a lly .  However, com plexi 
s ta y s  a t  a r e la t iv e ly  co n s ta n t le v e l .  Complexi cou ld  be an 
in te rm e d ia te  i n  th e  fo rm a tio n  o f c o m p le x ll as t h i s  complex in c re a s e s  
i n  amount in  c o m p e tit io n  assays (see be low ).
F u rth e r a n a ly s is  o f  p ro te in -D N A  in te r a c t io n  was c a r r ie d  o u t by 
com peting u n la b e lle d  pJ52 w ith  the  la b e lle d  tRNA^Z^gene. F ig .39 
shows th a t  when pJ52 i s  added b e fo re  the  P -la b e l le d  tR N A ^^ gene, 
the n  the  fo rm a tio n  o f a s p e c i f ic  la b e lle d  complex i s  p reven ted . 
However, when added to g e th e r, c o m p e tit io n  occurs  r e s u lt in g  i n  a 
decreased amount o f la b e lle d  p ro te in -D N A  c o m p le x ll and a ls o  a change 
in  th e  apparent s iz e  o f t h is  com p lex i. T h is  change may r e s u l t  from  a 
sub-maximal b in d in g  o f  428 RNP p a r t ic le  p ro te in s  to  th e  la b e lle d  DNA.
F ig .38. The e f fe c t  o f p ro te in  c o n c e n tra t io n  on DNA b in d in g . 2ng o f 
5 ’ end la b e lle d  N s i l  fragm ent o f p X lt8 l c o n ta in in g  th e  tRNA.^^^ gene 
was in cu ba ted  w ith  d i f fe r e n t  amounts o f 428 p a r t ic le s .  in  the  
presence o f RNAse and lOOmM NaCl. ( la n e  1 ) , no 428 p a r t ic le s ;  (la n e  
2 ) ,  0.125/ig  o f 428 p a r t ic le s ;  (la n e  3 ) ,  0.25jug o f 428 p a r t ic le s ;
(la n e  4 ) ,  0 .5pg o f 428 p a r t ic le s ;  (la n e  5 ) ,  1 .Ojag o f  428 p a r t ic le s ;
(la n e  6 ) ,  2.0jug o f  428 p a r t ic le s .
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F ig .39. C om pe tition  o f  tRNA gene sequences f o r  428 p a r t ic le
p ro te in s . R eactions c o n d it io n s  were as i n  F ig .35 (+ ) excep t th e  the
N s i l  fragm ent o f pXLt81 was used as th e  la b e lle d  DNA probe, lane 1. 
0 .25^g  o f u n la b e lle d  pJ52 was added 10 m ins b e fo re  the  la b e lle d  DNA 
was added, lane 2 .  as lan e  1 excep t lu g  o f  u n la b e lle d  pJ52 was 
added. lane 3 . 0.25pg o f  u n la b e lle d  pJ52 was added s im u lta n e o u s ly
as th e  la b e lle d  DNA. lane 4 . as lan e  3 . except ljug o f u n la b e lle d
pJ52 was used, lane 5 . no co m p e tito r added.
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o2 :15  Iraraunoprecip tion  o f p r o te in - tRNA gene complexes w ith  a n t i - 42S 
p a r t ic le  p ro te in  a n t ib o d ie s  d ire c te d  a g a in s t the  p ro te in s  o f 428 
p a r t ic le s .
8 e le c t iv e  im m u n o p ré c ip ita tio n  o f  T F IIIA -5 8  RNA gene complexes 
has been used to  lo c a te  bases i n  th e  58 RNA gene sequence im p o rta n t 
f o r  in te r a c t io n  w ith  T F IIIA  (4 0 ). S e le c tiv e  p r e c ip i t io n  by 
an tibody-bound  p ro te in -A  Sepharose beads was used to  co n firm  the  
n i t r o c e l lu lo s e  f i l t e r  b in d in g  da ta  own above (s e c t io n  2 :1 4 ) .  428
p a r t ic le s  were added to  la b e lle d  tRNA^*" gene c o n ta in in g  fragm ents  
and p ro te in -D N A  complexes were a llo w e d  to  fo rm . F o llo w in g  
p ro te in -D N A  complex fo rm a tio n , a n t i-P 4 8 o r a n ti-P 4 3 , was added and 
a f t e r  in c u b a tio n , im m un o p rec ip ita tes  were c o lle c te d  and any la b e lle d  
DNA th a t  they co n ta in ed  was ana lysed by g e l e le c tro p h o re s is  
/a u to ra d io g ra p h y . I t  was found th a t  a n ti-P 4 3  and a n ti-P 4 8  were 
e q u a lly  e f fe c t iv e  in  s p e c i f ic a l ly  p r e c ip i ta t in g  th e  tRNA gene 
fragm ent ( f ig . 4 0 ) .  T h is  r e s u l t  i s  d i f fe r e n t  from  th a t  o b ta ined  w ith  
DNA b in d in g  to  p ro te in  im m o b ilize d  on n it r o c e l lu lo s e  ( f i g . 35) where 
o n ly  P43, and n o t P48, bound th e  tRNA. gene fragm en t. A p o s s ib le  
e x p la n a tio n  i s  th a t  P43 i s  th e  o n ly  p ro te in  th a t  in te r a c ts  d i r e c t ly  
w ith  the  gene bu t th a t  P48 has a s tro n g  a f f i n i t y  f o r  P43 o r f o r  the  
P43/DNA complex. In  f a c t  a s tro n g  in te r a c t io n  o f r a d io a c t iv e ly  
la b e lle d  P48 w ith  P43 im m o b ilise d  on n i t r o c e l lu lo s e  i s  found 
(A.D.Lomas pers. comm.).
F ig .4 0 . Im m u n op re c ip itio n  o f 428 p a r t ic le  p ro te in /D N A  complexes by 
a n ti-P 4 8  and a n ti-P 4 3 . 5* e n d - la b e lle d  E c o R I/H in d ll l  cu t pJ52 was 
mixed w ith  5ug o f  428 o r 78 p a r t ic le s  under the  same c o n d it io n s  as 
desc ribe d  in  F ig .35, (+ ) .  A f te r  30 m ins, a n tib o dy  lin k e d  p ro te in -A  
sepharose was added and a g ita te d  f o r  Ih r .  The beads were removed and 
washed s ix  tim e s . The DNA wasr%V%ased from  the  complex by p ro te a s in g  
and ana lysed on an 8% p o lyac ry lam id e  g e l.  lane 1. 78 p a r t ic le s
im m unoprec ip ita ted  w ith  a n ti-P 4 0  p ro te in -A  sepharose. lane  2 . 428
p a r t ic le s  im m un o prec ip ita ted  w ith  a n ti-P 4 3  p ro te in -A  sepharose. lane 
3 . 428 p a r t ic le s  im m un o p rec ip ita ted  w ith  a n ti-P 4 8  p ro te in -A
sepharose, lane 4 . E c o R I/H in d ll l  d ig e s t o f pJ52 (s iz e s  in  Kb ) .
— 0 - 2 7
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2:16 P ro te c t io n  o f the  269bp DNA fragm ent c o n ta in in g  tRNA^'^*’ gene by 
428 p a r t ic le s
One approach to  lo c a l iz e  pro te in -D N A  in te r a c t io n s  i s  by the  
method o f DNAse fo o tp r in t in g .  B r ie f ly ,  t h is  in v o lv e s  the  fo rm a tio n  
o f  pro te in-D N A  complexes, us ing  P e n d - la b e lle d  DNA then  d ig e s t io n  
w ith  s u f f ic ie n t  DNAse1 to  cu t on average once per DNA m o lecu le . The 
p ro du c ts  o f  the  re a c t io n  a re  separa ted  on a DNA sequencing g e l and a 
la d d e r o f bands i s  o b ta in e d  co rrespond ing  to  each base i n  th e  DNA 
fragm en t. A l l  bases w i l l  be observed excep t those p ro te c te d  from  
d ig e s t io n  by s t e r ic  h inderance  o f DNase by the  bound p ro te in .
T h is  approach has p e rm itte d  lo c a l iz a t io n  o f DNA sequences 
in v o lv e d  in  t r a n s c r ip t io n  fa c to r  b in d in g  to  58 RNA gene (9 7 ), ye as t 
tRNA^^ gene (41) and y e a s t tRNA^ gene (157 ).
The tRNA gene used here does n o t c o n ta in  any in te rv e n in g  
sequences and shou ld  be e f f i c i e n t  i n  b in d in g  t r a n s c r ip t io n  fa c to r s  
(1 6 0 ,1 81 ). I t  has been re p o rte d  th a t  ye a s t tR N A ^ gene and ye as t 
tRNA3*^  gene b in d  t r a n s c r ip t io n  fa c to r ( s )  which are  a b le  to  p ro te c t 
bo th  the  *A* and ’ B’ box re g io n s  o f  the  IHA (4 1 ,1 5 7 ). In  the  fo rm e r 
case, the  e n t i r e  gene i s  p ro te c te d .
Protein-DNA complexes f o r  f o o t p r in t  a n a ly s is  were re c o n s t itu te d  
u s in g  RNAse tre a te d  428 p a r t ic le s ,  by e i th e r  d ia ly s is  i n  th e  presence 
o f 8M urea o r by the  a d d it io n  o f  a l l  components to  an Eppendorf tube . 
Both p ro ced u re s  gave s im i la r ,  a lthough  s l i g h t l y  d i f f e r e n t  
q u a n t i ta t iv e  re s u lts .
For re a c tio n s  perform ed in  Eppendorf tubes, s ig n i f ic a n t  amounts 
o f  the  whole 269bp fragm ent a re  p ro te c te d  frcm  d ig e s t io n  w ith  DNAse1 
T h is  p ro te c t io n  was a ffo rd e d  a t  20 tim es  th e  c o n c e n tra t io n  re q u ire d  
to  c leave  the  u np ro tec ted  DNA on average once pe r DNA m olecu le  
( f ig A l )  A la d d e r o f fragm en ts  i s  seen i n  these re a c t io n s  but the  
in c re a se  i n  s m a lle r fragm en ts  a t  the  expense o f la rg e  fragm ents , 
w h i ls t  le a v in g  th e  amount o f whole fragm ent q u a n t it i v e ly  unchanged 
when the  amount o f DNAse i s  in c re a se d , i s  in d ic a t iv e  o f a p ro p o r t io n  
o f fragm ents  be ing  unbound by apy p ro te in .
R e c o n s t itu tio n  o f  a pro te in -D N A  complex by d ia ly s is  le a ves  
g re a te r  than  90% o f  the  269bp fragm ent p ro te c te d  fo rm  DNAse d ig e s t io n  
w ith  a DNAse 1 c o n c e n tra t io n  a t  5jug/ml and d ig e s t io n  f o r  5 m ins. 
( f i g . 41, la n e l) .  However, th e re  i s  seme in d ic a t io n  o f 3 ' and 5^ 
tr im m in g . An approxim ate  va lue  f o r  the  e x te n t o f p ro te c t io n  i s  -25  
to  +145
As dem onstrated i n  th e  p re v io u s  s e c tio n , p ro te in -R N A  complexes 
may be re c o n s t itu te d  in  v i t r o  us ing  g e l p u r i f ie d  428 p ro te in s  and ge l 
p u r i f ie d  58 RNA and tRNA ( f i g . 2 ) .  T h is  approach was used in  
p ro te c t io n  s tu d ie s  by d ia ly s iO ^  , o u t th e  8DS p resen t i n  th e  e lu t io n s  
o f  is o la te d  p ro te in s .  However, fo l lo w in g  t h is  treatanent th e  p u r i f ie d  
p ro te in s  a re  no t a b le , e i th e r  s in g ly  o r to g e th e r, to  a f fo r d  any 
p ro te c t io n  to  the  gene o r i t s  f la n k in g  sequences ( f i g . 4 2 ) . The 
p o s s ib i l ty  i s  th a t  P48 and P43 which are  ab le  to  re cogn ize  the  
secondary s t ru c tu re s  o f 58 RNA and tRNA (60 ,61 , J .8 o m m e rv ille  pe rs . 
comm.) a re  n o t a b le  to  re co gn ize  s p e c i f ic  base sequences e ith e r  
because o f g ross  d é n a tu ra tio n  o f th e  DNA b in d in g  s i t e  o r the  presence 
o f s u f f ic ie n t  re s id u a l 8DS to  p reven t b in d in g .
f i " . 4 1 .  Li, PF? I I  r o t  r r i  r t i  r-" r f  h28 p ^ r t i c l f  r r o t e i  r -Du A complrxeF.
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F ig .42, DNase1 fo o tp r in t in g  o f  428 p a r t ic le  pro te in -D N A complexes. 
The 269bp in s e r t  o f pJ52 c o n ta in in g  th e  tRNA^*" gene la b e lle d  a t  
the  5* end o f  th e  coding s tra n d  was re c o n s t itu te d  w ith  is o la te d  P43 
( la n e  1) o r  P43 p lu s  P48 (la n e  2) in  8M urea fo llo w e d  by d ia ly s is  
a g a in s t r e c o n s t i tu t io n  b u f fe r  m inus urea. D ig e s tio n  was then  c a r r ie d  
o u t w ith  100ng o f DNase1 f o r  30sec. lane 3 i s  d ig e s t io n  in  th e  
absence o f p ro te in .
1 2 3
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The 42S p a r t ic le s  them selves, w ith o u t RNAse tre a tm e n t a f fo r d
?V\<-o n ly  a sm a ll amount o f p ro te c t io n  to  tRNA gene in d ic a t in g  th a t  the  
428 p a r t ic le s  a re  f a i r l y  s ta b le  complexes and do n o t exchange RNA f o r  
DNA a t  a ve ry  fa s t  ra te  (d a ta  no t shown).
2 :17 s p e c i f ic  in te r a c t io n  o f  rDNA w ith  428 p a r t ic le  p ro te in s .
As noted e a r l ie r ,  rDNA c o n ta in in g  p lasm id  in te r a c ts  w ith  P43. 
T h is  in te r a c t io n  was in v e s t ig a te d  fu r th e r  by us ing  th e
im m u n o p ré c ip ita tio n  te ch n iq u e .
R e c o n s t itu t io n  o f p ro te in -D N A complexes was a ttem p ted  w ith  both 
428 RNP and 78 RNP p a r t ic le s  and 5* end la b e lle d  BaraHI/EcoRI d ig e s te d  
p X lo r lO I.  A f te r  complex fo rm a tio n , a n ti-P 4 3  was found to
im raunop rec ip ita te  two fragm en ts  o f 1.1Kb and 3.6Kb ( f i g . 4 3 ) . These 
fragm ents  c o n ta in  th e  gene prom otor and the  m u lt ip le  60/81  bp re p e a ts  
o f  the  n o n -tra n s c r ib e d  in te r g e n ic  spacer. The m u lt ip le  re p e a ts  a re
re la te d  i n  sequence to  p a r t  o f the  gene p r(m o to r ( 33 , 171 , 182 , 183) .
ünm unoprecvp ip ition  w ith  t h is  a n tib o d y  bound to  p ro te in -A  Sepharose 
i s  s ig n i f ic a n t ly  g re a te r  than  a n ti-P 4 0  o r a n ti-P 4 8  bound p ro te in -A  
sepharose. No im m u n o p ré c ip ita tio n  can be seen us ing  a n ti-P 4 3  o r 
a n ti-P 4 0  w ith  m ix tu re  o f 7S RNP p a r t ic le s .
F ig .43. Im m unoprécipitation o f 428 p a r t ic le  p ro te in -rD N A  complexes by 
a n ti-P 4 3 . 5* e n d - la b e lle d  BamHI/EcoRI cu t p X lo r lO l (la n e  4) was 
m ixed w ith  5ug o f 428 o r 78  p a r t ic le s  as described  i n  F ig .35, (+ )
A f te r  30mins, an tibody  l in k e d  p ro te in -A  sepharose was added and 
a g ita te d  f o r  Ih r .  The sepharose was removed and washed s ix  tim e s . 
The raiA was re le a se d  frcm  the  complex by p ro te a s in g  and ana lysed  on 
an 8% p o lyac ry lam id e  g e l.  lane 1 . 78 p a r t ic le s  im m un o p rec ip ita ted
w ith  a n ti-P 4 0  p ro te in -A  sepharose. lane  2 , 428 p a r t ic le s
im m unoprecipated w ith  a n ti-P 4 3  p ro te in -A  sepharose. lane 3 . 428
p a r t ic le s  im m un o p rec ip ita ted  w ith  a n ti-P 4 8  p ro te in -A  sepharose. lane 
4 , BamHI/EcoRI d ig e s t o f p X lo r lO l (s iz e s  o f fra g n e n ts  in  Kb ) .
2 3
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DISCUSSION
The in te r a c t io n  o f 428 RNP p a r t ic le  p ro te in s  w ith  tRNA genes was 
e x p lo re d  in  f i v e  type s  o f  experim en ts . The i n i t i a l  o b s e rv a tio n  was 
th e  re d u c t io n  o f  tRNA i^ n th e s is  on in je c t in g  a n ti-P 4 3  IgG 
s im u lta n e o u s ly  w ith  p lasm id  p X lt8 l  c o n ta in in g  c o n ta in in g  tR N / f^  gene. 
T h is  suggests th a t  P43 n o rm a lly  has a p o s itiv e  e f f e c t  on tRNA 
t r a n s c r ip t io n  (F ig .34B ) and a w o rk in g  h yp o th e s is  i s  th a t  P43 e x e r ts  
t h i s  e f f e c t  th rough  d ir e c t  b in d in g  to  re g u la to ry  re g io n s  i n  tRNA 
genes. The in te r a c t io n  o f  a n tib o d ie s  w ith  P43 m ig h t the n  i n h ib i t  
s y n th e s is  th rough  in t e r f e r r in g  w ith  i t s  DNA-binding p o te n t ia l .  
However, the  e f fe c t  o f the  a n tib o d y  i s  n o t complete in h ib i t i o n  o f 
s y n th e s is . One e x p la n a tio n  f o r  o n ly  p a r t ia l  in h ib i t i o n  i s  th a t  the  
tim e  i t  takes to  fo rm  an ti-P 43-P 43  complexes i s  g re a te r  than  th e  tim e  
i f  takes  to  form  P43-tRNA gene complexes. Indeed, once a P43-tRNA 
gene complex has form ed, i t  i s  l i k e l y  to  be s ta b le  and u n a ffe c te d  in  
i t s  a c t i v i t y  by a n ti-P 4 3 . T h is  i s  shown i n  F ig .34B  where a n ti-P 4 3  
was in je c te d  w ith  58 DNA and no in h ib i t i o n  o f  endogenous tRNA 
s y n th e s is  was seen. The in h ib i t i o n  o f tRNA s y n th e s is  i s  a ls o  
observed when a n t i-P 4 8 IgG is  c o in je c te d  a long  w ith  p X lt8 l .  The 
re d u c t io n  in  s y n th e s is  by both  a n tib o d ie s  i s  s ig n i f ic a n t  (3 -4  fo ld )  
when compared to  th e  e f fe c t  o f pre-immune IgG and a n ti-P 4 0  IgG.
RNA polymerase I I I  r e c o n s t itu te d  systems re q u ire  a t  le a s t  two 
p ro te in  f r a c t io n s  a f t e r  ion-exchange chrcmatography (2 0 ,3 4 ,18 4 ,1 8 5 , 
186) .  8ta b le  p r e - in i t i a t i o n  complexes a re  ab le  to  form  between gene 
and accessory fa c to rs  (9 0 ,1 6 0 ,1 8 7 ,1 8 8 ). F a c to r C i s  a b le  to  b in d  
s ta b ly  to  a iy  tRNA gene, whereas fa c to r  B does n o t (1 6 0 ). The
?i n h ib i t i o n  o f  tRNA s y n th e s is  from  pX ltÔ I by a n ti-P 4 3  and a n t i-P 4 8, 
does n o t t e l l  us w hether P43 o r P48 in te r a c t  w ith  the  DNA d i r e c t ly  o r 
as an a u x i l ia r y  fa c to r  th rough  the  a s s o c ia t io n  o f  ano the r u n re la te d  
p ro te in  b in d in g  to  tRNA genes f i r s t .  However, th e  assay o f complex 
fo rm a tio n  by po lyac ry lam id e  g e l e le c tro p h o re s is  shows th a t  sucrose 
g ra d ie n t f r a c t io n s  c o n ta in in g  428 p a r t ic le s  a re  ab le  to  d is p la c e  the  
269bp DNA fragm ent c o n ta in in g  tR N A ^  gene to  th e  to p  o f  the  
acry lam ide  g e l.  The la rg e  d isp lacem en t suggests th a t  a la rg e  complex 
o f  p ro te in s  have bound to  th e  DNA fragm ent (1 7 7 ,1 78 ), (F ig .3 7 A ). 
In te rm e d ia te  complexes i n  the  fo rm a tio n  o f t h is  la rg e  complex 
(c o m p le x ll)  may a ls o  occur (com p lex i, F ig .3 8 ) .  T h is  b in d in g  was 
s e n s it iv e  to  the  s a l t  c o n c e n tra t io n  p resen t d u r in g  b in d in g  (F ig .3 7 B ), 
The o p tim a l c o n c e n tra t io n  was lOOmM NaCl. T h is  i s  comparable to
/-r'fa c to r  I b in d in g  to  tRNA3 gene (4 1 ). Under the  c o n d it io n s  employed 
f o r  b in d in g  (lOOraM NaOL), 428 p a r t ic le s  s t a b i l i t y  i s  reduced 
(5 7 ,6 4 ,6 6 ), but tre a tm e n t o f the  428 p a r t ic le s  w ith  RNAse was 
necessary to  ache ive  t o t a l  d isp lacem ent ( F ig .37A ). The co n c lu s io n  
f ra n  t h is  experment i s  th a t  428 p a r t ic le s  a re  a b le  to  in te r a c t  
d i r e c t ly  w ith  the  MîA and th a t  the  t ra n s lo c a t io n  o f p ro te in  i s  
dependant on th e  d e s ta b i l is t io n  o f the  p a r t ic le s  and promoted by 
removal o f the  RNA.
P43 and P48 bo th  regene ra te  s u f f ic ie n t  secondary and te r ia r y  
s t ru c tu re  to  b in d  58 RNA (P43 and P48) and tRNA (P48, f i g s . 20 and 21) 
on n i t r o c e l lu lo s e  f i l t e r s .  T h is  tech n iq ue , o r ig in a l ly  developed to  
d e te c t DNA-binding p ro te in s  (8 4 ), was a p p lie d  here to  d e te c t the  
a b i l i t y  o f the  428 p a r t ic le  p ro te in s  to  b ind  DNA fragm en ts  c o n ta in in g  
tRNA genes. I n i t i a l  s tu d ie s  w ith  n ic k - t ra n s la te d  p X lt8 l  in d ic a te d
th a t  o n ly  P43 was a b le  to  b in d  th e  tRNA.  ^ gene ( F ig .3 5 ) . T h is  was
con firm ed  us in g  th e  269bp in s e r t  o f  pJ52 c o n ta in in g  th e  tRNAr'®' gene
( F ig .36 ) .  B in d in g  was c a r r ie d  o u t i n  the  presence o f c o ld  E . c o l i  
t o t a l  DNA and P43 d id  n o t b in d  ^ ^ P - la b e lle d  pBR322, in d ic a t in g  th e  
s p e c i f i c i t y  o f the  b in d in g  o f  P43 f o r  the  269bp in s e r t .
R e su lts  o f  o th e r w o rke rs  suggest the  re g io n  o f  DNA c o n ta in in g
th e  *B» box to  be most im p o rta n t i n  b in d in g  t r a n s c r ip t io n  fa c to r s  
(1 5 7 ,1 8 9 ), These fa c to r s  e i th e r  b in d  e x c lu s iv e ly  to  the  *B* box o r 
b in d  to  t h i s  re g io n  w ith  g re a te r  r a p id i t y  and a f f i n i t y .
F ig , 36 shows th e  a b i l i t y  o f P43 to  b ind  DNA fra g n e n ts  c o n ta in in g  
e i t h e r  the  *A» box sequence o r th e  *B ' box sequence. The amount o f 
each fragm ent bound by P43 i s  s im i la r ,  so l i t t l e  in fo rm a t io n  can be 
ga ined  from  t h is  expe rim en t w ith  re sp e c t to  the  r e la t iv e  a f f i n i t y  o f 
the  fragm ents  f o r  P43, o r indeed w h ich  re g io n  o f DNA i s  re s p o n s ib le  
f o r  the  i n i t i a l  c o n ta c t. H o w e ve r,it i s  concluded th a t  P43 can b in d  
to  sequences i n  bo th  p o r t io n s  o f  th e  DNA. The c o n ta c ts  m ^  be formed 
th rough  in te r a c t io n  w ith  in t ra g e n ic  sequences o r  w ith  5 ’ o r 3* 
f la n k in g  sequences. I f  b in d in g  occurs  th rough  both  the  ’ A» and *B» 
boxes, the  r e s u l ts  seen here would be c o n s is te n t w ith  the  a b i l i t y  o f 
o th e r tRNA t r a n s c r ip t io n  fa c to r s  to  b in d  both 'A* and *B» boxes 
(41 ,157 ,160) and the  a b i l i t y  o f the  * A* box o r  »B* box to  prcxnote 
t r a n s c r ip t io n  in d e p e n d e n tly  o f each o th e r (1 8 8 ),
S tud ies  w ith  the  y e a s t tRNA t r a n s c r ip t io n  system ( I 60 ) have 
shown th a t  a fa c to r  C i s  re q u ire d  f o r  the  fo rm a tio n  o f a s ta b le  
p r e - in i t i a t i o n  complex w ith  s p e c f ic  tRNA genes (eg. ARG and SER ) ,  
b u t i s  h ig h ly  u ns ta b le  in  fo rm in g  complexes w ith  o th e r tRNA genes
(LEü^and TYR )•  T h is  i n s t a b i l i t y  was due, in  th e  case o f tRNA*^ , to  
the  le n g th  o f in te rv e n in g  sequence between the  'A* and ’ B ’ boxes. In  
th e  case o f tRNA^^^, i n s t a b i l i t y  was due to  th e  s l ig h t  d e v ia t io n  from  
the  op tim a l »A' and »B* box sequences. These r e s u l t s  show both  *A* 
and *B» box sequences p lay  a r o le  i n  b in d in g  o f f a c to r  C and i s  
dependent upon th e  the  s p a t ia l r e la t io n s h ip  between th e  two boxes i s  
im p o rta n t.
The fo rm a tio n  o f a s ta b le  complex w ith  tRNA. in  th e  ye a s t 
system (1 6 0 ), in v o lv in g  fa c to r  C and f r a c t io n  B, h ig h l ig h ts  th e  
c o o p e ra tio n  between these fa c to r s  to  form  a p r e - in i t i a t i o n  complex. 
Both a n ti-P 4 8  and a n ti-P 4 3  a re  ab le  to  immunopreci p i ta  te  the  269bp 
fragm ent c o n ta in in g  tRNA^*^^ gene . One p o s s ib le  in te r p r e ta t io n  o f 
t h is ,  to g e th e r w ith  the  r e s u l ts  i n  f ig u re .3 4 B . i s  a c o o p e ra tio n  in  
b in d in g  between P43 and P48, P43 i s  the  o n ly  p ro te in  o f the  two th a t
b inds  the  tRNA gene c o n ta in in g  fragm ent by the  n i t r o c e l lu lo s e  
b in d in g  assay. T h is  would suggest a n t i -  P4 8 can i n h ib i t  tRNA 
s y n th e s is  by p re v e n tin g  a s ta b le  complex fo rm a tio n  between P43 and 
P48.
In te r a c t io n  o f t r a n s c r ip t io n  fa c to r s  w ith  DNA can be v is u a liz e d  
d i r e c t ly  us ing  th e  tech inque  o f DNAse f o o tp r in t in g  (3 5 ). 
T ra n s c r ip t io n a lly  com petent c e l l  e x tra c ts  from  human c e l ls  (185) o r  
y e a s t (41 ,157 ,190) were found by DNAse fo o tp r in t in g  to  p ro te c t 
s tro n g ly  the  in t ra g e n ic  c o n tro l re g io n s  o f tRNA genes. In  these 
expe rim en ts , p ro te c t io n  boundaries  extended in t o  th e  3 ’ and 5* 
f la n k in g  sequences by up to  lObp. P ro te c t io n  o f most genes spanned 
th e  e n t ir e  le n g th  o f the  gene in t o  these f la n k in g  sequences. 
However, in  the  case o f tRNA^ gene, which c o n ta in s  an in t r o n  o f
31bp, p ro te c t io n  o f  the  re g io n  o f DNA c o n ta in in g  th e  in te rv e n in g  
sequence does n o t occur (1 5 7 ).
In  the  expe rim en ts  described  here, the  269bp tRNA^^^ gene 
c o n ta in in g  fragm ent i s  p ro te c te d  e n t i r e ly  from d ig e s t io n  w ith  DNAse 1 
by 42S p a r t ic le s ,  when r e c o n s t i tu t io n  i s  c a r r ie d  ou t i n  the  presence 
o f RNAse ( F ig . 4 l ) .  T h is  r e c o n s t i tu t io n  can be achevied  by d ia ly s is  
th rough  8M urea to  ensure th a t  the  428 p a r t ic le  p ro te in s  rem ain  
s o lu b le  a f t e r  ranova l o f the  RNA, P ro te c t io n  extends frcm  -67  to  
+192. W ith e x te n s ive  d ig e s t io n  by TMkse 1, 5* and 3* trim m ing
becomes e v id e n t bu t w ith  complete p ro te c t io n  e x te n d in g  frcm  
app ro x im a te ly  -25  to  +145. T h is  re g io n  s t i l l  encompasses the  e n t ir e  
re g io n  o f  the  tRNA. gene. A c c e s s ib i l i t y  o f DNAse 1 to  th e  DNA when 
bound to  428 p a r t ic le  p ro te in s  mey be the  e x p la n a tio n  f o r  e x te n s iv e  
p ro te c t io n .  I t  i s  n o t m ere ly  the  presence o f 428 p a r t ic le s  (o r
con tam inan t, m inor p ro te in s  i n  t h i s  f r a c t io n )  caus ing  th e  in h ib i t i o n  
o f DNAse 1 because th e  enzyme e x te n s iv e ly  d ig e s ts  th e  fragm ent in  th e  
presence o f 428 p a r t ic le s  w ith o u t RNAse (da ta  no t shown).
T ra n s c r ip t io n a l a c t i v i t y  o f m utated tRNA genes shows a la rg e  
degree o f v a r ia 'ô l l i t y  in  both  he te ro lo go u s  and homologous systems. 
Removal o f sequences a t  the  3* end o f the  tR N A ^  gene o f X. la e v is  
co m p le te ly  a b o lish e d  t r a n s c r ip t io n  (1 5 5 ). T h is  and o th e r r e s u lts  
suggested sequences encod ing th e  conserved T arm (+52 to  +6 2 ) a re  
e s s e n t ia l f o r  t r a n s c r ip t io n  (2 1 ,1 9 1 ). Hcwever, a m o d if ie d  tRNA
gene o f D ro so p h ila  c o n ta in in g  o n ly  the  *A* box sequences and a tR N A ^  
gene la c k in g  the  » A» box sequences were a c t iv e  in  Xenopus e x tr a c ts  
(188).
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In  a d d it io n  to  the  in t ra g e n ic  p rom oter, upstream sequences a re  
re q u ire d  by some tRNA genes f o r  e f f i c i e n t  t r a n s c r ip t io n  
(136 ,193 -195 ). An a bso lu te  requ irem en t f o r  these 5* f la n k in g  
sequences i s  dem onstrated w ith  58 RNA genes and tRNA genes o f Bcmbvx 
m o ri ( 192, 196 , 197) .  However, Xe nopus 58 RNA ^ n e s  do no t re q u ire  
f la n k in g  sequences, f o r  t h e i r  t r a n s c r ip t io n  i n  v i t r o .  I t  has been
kWdem onstrated w ith  tRNA^, gene o f B .m o r i. th a t  th e  re g io n  from  -1 3  to  
-50bp beyond the  end o f the  tRNA gene (+149) i s  re q u ire d  f o r  
e f f i c i e n t  t r a n s c r ip t io n a l  a c t i v i t y  and th e  3 * end o f  t h i s  gene (+20 
to  +146) in f lu e n c e  t r a n s c r ip t io n  fa c to r  b in d in g  (1 9 8 ). The r e s u lts  
o f  the  above f o o tp r in t in g  expe rim en ts  a re  c o n s is te n t w ith  the  
f in d in g s  o f W ilson  e t  a l .  (198) and a ls o  c o n s is te n t w ith  the  r e s u lts  
o f  the  ge l re te n t io n  assay w ith  the  Xenoous tRNA gene o r tRNA^ 
gene (F ig .3 8 ) in d ic a t in g  the  fo rm a tio n  o f a la rg e  p ro te in  complex on 
these genes. A lso  both  cod ing and non-cod ing  s tra n d s  a re  p ro te c te d  
f ra n  MJAse 1 a c t i v i t y  and t h i s  a ls o  i s  tru e  o f the  p ro te c t io n  o f the  
tRNiÇ gene o f y e a s t (4 1 ).
R e c o n s t itu t io n  o f p ro te in -D N A  complexes w ith  g e l p u r i f ie d  428 
p a r t ic le  p ro te in s  was u nsu cce ss fu l, us ing  e i t h e r  P48 o r P43 o r both 
to g e th e r ( F ig .4 2 ) . T h is  f a i lu r e  to  in te r a c t  w ith  the  MIA cou ld  be 
th e  r e s u l t  o f the  presence o f re s id u a l 8D8 bound to  th e  p ro te in .  
A lthough i n  th e  n i t r o c e l lu lo s e  f i l t e r  b in d in g  assay, P43 i s  i n i t i a l l y  
complexed w ith  8D8, t r a n s fe r  o f the  p ro te in s  to  n i t r o c e l lu lo s e  in  an 
e le c t r i c  f i e l d  p ro ba b ly  d is s o c ia te s  8D8 and p ro te in .  T h is  should  
th e n  a llo w  the  p ro te in  t o  in te r a c t  w ith  DNA.
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Although i t  has been re p o rte d  t h a t  428 p a r t ic le  p ro te in s  do no t 
b in d  58 DNA (6 2 ), i t  i s  dem onstrated i n  F ig .35 th a t  P48 im m ob ilized  
on n it r o c e l lu lo s e  i s  a b le  to  b in d  th e  p lasm id  pXlo8 c o n ta in in g  th e  
X . la e v is  o o cy te -typ e  58 DNA. B in d in g  a ls o  occurred  t o  P40 (T F II IA )  
under the  same c o n d it io n s  w h ich  favo u re d  o n ly  tRNA gene b in d in g  to  
P43. The invo lvem en t o f P48 i n  58 RNA t r a n s c r ip t io n  i s  dem onstrated 
by c o - in je c t in g  pXlo8 and a n t i-P 4 8 IgG. S yn thes is  o f  58 RNA i s  
reduced 3-4 f o ld  by a n t i-P 4 8 o r a n ti-P 4 0 , bu t no t by a n ti-P 4 3 . These 
r e s u l t s  suggest the  in te r a c t io n  o f P48 cou ld  be e i t h e r  by d ir e c t  
b in d in g  to  th e  DNA o r by p re v e n tin g  a P48-58 RNA in te r a c t io n ,  which
in  tu r n  in h ib i t s  s y n th e s is  o f  58 RNA by feedback i n h ib i t i o n  (62) in
the  same way as excess 58 RNA i s  bound by T F IIIA .
F u the r c la r i f i c a t i o n  o f the  b in d in g  o f  58 ENA by P48 i s  
necessary to  draw any co n c lu s io n s  about i t s  p o s s ib ile  r o le  in  58 RNA 
gene e xp re ss io n . I t  i s  known th a t  o ocy te -typ e  58 DNA has a f f i n i t y  
f o r  T F II IA  o f o n ly  1 /4  o f th a t  o f the  so m a tic -typ e  58 DNA (1 2 1 ). 
T h is  i s  due to  d if fe re n c e s  i n  th e  sequences o f the  in te r n a l  c o n tro l
re g io n  a t  p o s tio n s  +53, +55 and +79. There i s  ev idence to  suggest
th a t  a t r a n s c r ip t io n a l complex c o n s is t in g  o f T F IIIA , B and C i s  
removed by a r e p l ic a t io n  fo r k  proceed ing  th rough  a 58 RNA gene 
(A .P .W o lffe , pers  comm.). 58 RNA gene c o n tro l co u ld  th e n  be m ediated 
th rough  t h is  4 f o ld  g re a te r  a f f i n i t y  f o r  som atic type  58 RNA genes. 
D uring  development, a t  each round o f  DNA r e p l ic a t io n ,  som atic  58 RNA 
genes b ind  an e ve r d im in is h in g  amount o f T F IIIA . Hence i t  would n o t 
re q u ire  many rounds o f  r e p l ic a t io n  to  in a c t iv a te  the  o o cy te -typ e  58 
RNA genes.
ôRNA polymerase 1 re q u ire s  as many as fo u r  t r a n s c r ip t io n  fa c to r s  
f o r  the  c o r re c t i n i t i a t i o n  o f t r a n s c r ip t io n  from  ribosom al genes 
lo c a te d  a t  the  n u c le o lu s  (4 2 ). A t le a s t  some o f the  t ra n s c r ip to n  
fa c to r s  f o r  ribosom al RNA s y n th e s is  a re  s p e c ie s -s p e c if ic  (1 1 ). One o f 
these fa c to r s  (TFIA) i s  c e l l  c y c le  re g u la te d  and p o s s ib i ly  in te r a c ts  
d i r e c t ly  w ith  RNA polymerase 1 (1 9 9 ). TFIB on th e  otherhand i s
p re sen t i n  bo th  g row ing and g ro w th - a ress ted  c e l ls ,  fo rm in g  a s ta b le  
p r e - in i t i a t i o n  complex, re s p o n s ib le  f o r  the  s e le c t iv i t y  o f rDNA 
t r a n s c r ip t io n  (1 9 9 ).
T ra n s c r ip t io n  a c t i v i t y  o f rRNA genes in  Xenopus i s  in f lu e n c e d  by 
* enhancer' sequences i n  th e  spacer DNA which share homology w ith  the  
Xenopus rDNA p rm o to r  (1 5 ). These sequences, 60 o r 8 lb p  e lem ents, 
c o n fe r 2 0 - fo ld  dominance i n  t r a n s c r ip t io n  a c t i v i t y  over genes la c k in g  
these enchancers.
The r e s u lts  shown in  F ig .35 show the  a b i l i t y  o f P43 to  b in d  
p lasm id  p X lo r lO l which c o n ta in s  rDNA sequences. T h is  b in d in g  was 
in v e s t ig a te d  fu r t h e r  us ing  th e  im m u n o p re c ip it iio n  te ch n iq u e . The 
r e s u l t s  a re  shown in  F ig ,43. I t  appears th a t  P43 i s  ab le  to  b in d  
s e le c t iv e ly  to  two fragm en ts  o f  3.6Kb and 1.1Kb. These fra g n e n ts  
bo th  c o n ta in  spacer W k  sequences ( F ig .33) w hich w i l l  c o n ta in  th e  
d u p lic a te d  gene p rom oters .
C o n s is ten t w ith  these o b se rva tio n s  i s  the  da ta  p resen ted  in  
F ig .31. and immunof1orescenee s tu d ie s  (J . Coxon pers.com m .) .  These 
expe rim en ts  show the  presence o f  ra d io la b e lle d  p ro te in s  a t  the  
n u c le o li  a f t e r  m ic r o in je c t io n  in t o  stage 3 oocytes o f la b e l le d  428 
p a r t ic le s  and immunof1uorescen t s ta in in g  o f  n u c le o l i  w ith  a n ti-P 4 3
Qbut no t w ith  a n ti-P 4 8  o r a n ti-P 4 0 .
W ith in  th e  60/81 bp re p e a t i s  a 42bp re g io n  w h ich  has 80-90% 
homology w ith  the  -72  to  -114  re g io n  o f the  gene prom otor (2 0 0 ,2 01 ). 
DNAse 1 fo o tp r in t in g  suggests th a t  the  t r a n s c r ip t io n  fa c to r ( s )  f o r  
rRNA genes i n  Xenopus b ind  and p ro te c t  t h is  re g io n  (1 7 1 ). I t  rem ains 
to  be determ ined w he ther P43 b in d s  and p ro te c ts  t h i s  re g io n  o f the  
spacer DNA.
F ra c t io n a t io n  o f mouse c e l lu la r  e x tra c ts  ove r lEAE-Sephadex 
r e s u l t s  i n  th e  c o - p u r i f ic a t io n  o f RNA polymerase 1 to g e th e r w ith  the  
c e l l  c y c le  re g u la te d  t r a n s c r ip t io n  fa c to r  (1 9 9 ). F ra c t io n a t io n  o f a 
X . la e v is  oocyte  e x tr a c t  over DEAE-Sephadex r e s u l t s  in  th e  appearance 
o f P43 in  f r a c t io n s  c o n ta in in g  RNA polymerase 1 (d a ta  no t shown). 
A lthough P43 c o -e lu te s  w ith  RNA polymerase 1 fu r th e r  p u r i f ic a t io n  and 
fu n c t io n a l te s ts  f o r  P43 in f lu e n c e  on RNA polymerase 1 a c t i v i t y  is  
re q u ire d  to  e s ta b lis h  u n e q u iv o c a lly  t r a n s c r ip t io n a l fa c to r  a c t iv i t y  o f 
P43 on rRNA ^ n th e s is .
C o -o rd ina te  e xp re ss io n  o f ribosom al components in v o lv e s  the  
c o -o rd in a t io n  o f the  s y n th e s is  o f  5S RNA, 188, 5 .8 8  and 288 RNA and 
genes cod ing f o r  ribosom a l p ro te in s .  A lthough i n  Xenopus oocytes 
th e re  appears to  be d is c o o rd in a te  i^ n th e s is  o f  58 RNA frcm  o th e r 
ribosom al components, the  da ta  p resen t in  s e c tio n s  1 and 2 may be 
re c o n c ile d  w ith  t h is  o b s e rv a tio n .
One p o s s ib i l t y  i s  th a t  P43 p la y s  a c e n tra l r o le  i n  b r in g in g  a l l  
these a c t i v i t i e s  to g e th e r. F i r s t l y  i t s  e f fe c t  on th e  re g u la t io n  o f 
tRNA t r a n s c r ip t io n  th rough  p ro te in -D N A  in te r a c t io n  ( f ig s .3 4 B , 38 and 
40) a s s is te d  perhaps by P48 ( f ig s .3 4 B  and 4 0 ). 8econdly , i t s
invo lvem en t in  th e  t ra n s p o r ta t io n  o f  58 RNA to  the  n u c le o lu s  f o r  
in c o rp o ra t io n  in t o  ribosom es (F ig .3 2 ) .  T h ird ly ,  the  use o f i t s  
p o s s ib le  cleavage p roduc t o f 17kD to  become an in te g r a l  p a r t  o f the  
ribosom e s tru c tu re  (F ig .2 5 ) .
A model may be conceived whereby the  amount o f P43 co u ld  
re g u la te  the  e n t i r e  amount o f p ro te in  t r a n s la t io n a l m achinery. From 
t h is  p o in t o f v iew , how the  p ro d u c tio n  o f P43 i t s e l f  i s  re g u la te d  
would be o f extrem e im portance . For in s ta n ce  i f  the  gene s t ru tu re  
f o r  P43 were s im i la r  to  th e  s t ru c tu re  o f the  gene f o r  T F IIIA , where a 
sequence id e n t ic a l  to  the  in te r n a l c o n tro l re g io n  o f 58 RNA genes i s  
p a r t  o f the  gene f o r  T F II IA  (5 9 ), autogenous re g u la t io n  th rough  the  
b in d in g  o f the  p ro te in  p roduct to  a s t ru c tu re  in  i t s  own gene o r gene 
t r a n s c r ip t ,  would be a d is t in c t  p o s s ib i l t y .
Summary
In  sianmary, i t  i s  shown th a t  the  428 p a r t ic le  i s  no t m ere ly a 
s im p le  s to rage  ve sse l f o r  58 RNA and tRNA d u r in g  oogensis , bu t has a 
more dynamic r o le  i n  c o n t r o l l in g  th e  supp ly o f components t o  th e  
p ro te in  t r a n s la t io n a l  m ach inary.
F i r s t l y  h e te ro g e n e ity  in  co m p os itio n  o f the  428 p a r t ic le  was 
observed, ra ng ing  from  428 p a r t ic le s  whose o n ly  m a jo r p ro te in  i s  P48 
a t  e a r ly  stage 1 to  p a r t ic le s  c o n ta in in g  v a r ia b le  amounts o f P43 in  
r e la t io n  to  in  th e  r e la t iv e  amount o f P48 as oogensis p rogresses a t  
stage 2 -3 . The decrease i n  P48 i s  i n  p a r t  due to  cleavage o f t h is  
p ro te in  t o  a new p roduct o f 33000 which can p e r s is t  w ith  58 RNA u n t i l  
the  end o f oogenesis as a 78 RNP. H e te rogene ity  w i th in  th e  428 
p a r t ic le  can a ls o  be e xp la in e d  in  term s o f  the  a b i l i t y  o f P48 to  b ind  
e i t h e r  58 RNA (1 m o lecu le ) o r  tRNA (up to  3 m o le cu le s ). A lthough P43 
can form  a s ta b le  complex w ith  58 RNA, and appears to  be a c t iv e  in  
th e  u t i l i z a t i o n  o f  58 RNA i n  ribosom e fo rm a tio n , i t s  in te r a c t io n  w ith  
tRNA i s  le s s  e f fe c t iv e  and i t  may have no r o le  i n  v iv o .  
H e te rog e ne ity  can d e r iv e , th e re fo re ,  from  d i f fe r e n t  com b ina tions o f 
these complexes.
A lthough im m uno log ica l a n a ly s is  showed P48, P43 and P40 (T F II IA )  I
t o  be s t r u c tu a l ly  d is t in c t ,  cyanogen bromide pep tid e  cleavage was 
c a r r ie d  o u t to  co n firm  t h is .  These data  to g e th e r w ith  amino a c id  
a n a ly s is  f i r m ly  e s ta b lis h  th e  th re e  p ro te in s  P48, P43 and P40 to  be 
sepera te  gene p ro du c ts .
The d e te c t io n  o f a s m a lle r c ro s s - re a c t in g  p ro te in  in  the  60S 
s u b u n it o f Xenopus ribosom es w ith  the  a n tib o dy  a n ti-P 4 3  suggested th e  
in vo lvem en t o f P43 i n  ribosom e s y n th e s is . L a b e lle d  428 p a r t ic le s  ( 
^ - 5 8  RNA o r ^*^C -prote in  la b e l le d )  in je c te d  in t o  Xenopus oocytes 
re s u lte d  i n  th e  appearence o f  a p ro p o r t io n  o f the  la b e l in  ribosom es.
A p ro te in  o f the  same m o le c u la r w e ig h t p repared from  som atic 
ribosom es a ls o  c ro s s -re a c te d  w ith  t h is  a n tib o d y . The use o f 
cy s t e i  ne- la b e l le d  428 p a r t ic le s  i n  c y to lo g ic a l s tu d ie s  has shown 
uptake o f la b e l in t o  n u c le o l i  and im m unofluorescence s tu d ie s  have 
shown th a t  a n ti-P 4 3  re a c ts  w ith  n u c le o l i .  These o b se rv a tio n s  are  
c o n s is te n t w ith  th e  v iew  th a t  P43 accompanies 58 RNA to  th e  n uc le o lu s  
and may be c leaved to  P17 b e fo re  in c o rp o ra t io n  in t o  the  ribosom e 
s tru c tu re .
The r o le  o f 428 p a r t ic le  p ro te in s  i n  t r a n s c r ip t io n  o f 58 RNA and 
tRNA was in v e s t ig a te d .  P48 was shown by n it r o c e llu lo s e -b in d in g  assay 
to  in te r a c t  w ith  58 RNA genes and a n t i-P 4 8 was shown to  i n h ib i t  
t r a n s c r ip t io n  o f 58 RNA i n  v iv o .  A n t i-  P4 8 in  m ic r o in je c t io n  
expe rim en ts  a ls o  in h ib i te d  tRNA t r a n s c r ip t io n  i n  v iv o ,  whereas 
a n ti-P 4 0  co u ld  n o t do so. In  an im m u n o p ré c ip ita tio n  assay a n ti-P 4 8  
cou ld  a ls o  b r in g  down a P48/tRNA gene complex.
The ro le  o f P43 i n  t r a n s c r ip t io n  was shewn in  the  
n i t r o c e l lu lo s e -b in d in g  assay to  b in d  tRNA genes. An 
im m u n o p ré c ip ita tio n  techn ique  a ls o  confirm ed t h i s  r e s u l t .  In  v iv o ,
a n ti-P 4 3  was a b le  to  i n h ib i t  tRNA s y n th e s is  bu t n o t 58 RNA s y n th e s is .
VVo.DNAse 1 fo o tp r in t in g  s tu d ie s  shew th a t  a la rg e  re g io n  o f  the  tRNA
gene i s  p ro te c te d  by p ro te in s  from  428 p a r t ic le s .
F in a l ly ,  P43 may have a r o le  in  ribosom al RNA s y n th e s is  as
suggested i n  the  n it r o c e l lu lo s e -b in d in g  assay in  w h ich  DNA c o n ta in in g
a rRNA gene t r a n s c r ip t io n  u n i t  was a b le  to  b in d  P43. A lso in  an
im m u n o p ré c ip ita tio n  assay P43 was a b le  to  im m unoprecipate  P43/DNA 
complexes, the  DNA be ing  two fragm en ts  o f  3.6Kb and 1.1Kb o f an
EcoRI/BamHI d ig e s t  o f p X lo r lO I.  These fragm ents o f DNA c o n ta in  th e  
60/81 bp re p e a ts  w h ich  share haaology to  the  gene prom otor which 
re s id e s  i n  th e  3.6Kb fragm en t.
A l l  these r e s u l t s  take n  to g e th e r suggest a c e n tra l r o le  f o r  428 
p a r t ic le  p ro te in s , i n  p a r t i c lu la r  P43 in  c o -o rd in a t in g  th e  s y n th e s is  
o f  th e  p ro te in  t r a n s la t io n a l  m achinary o f the  oocyte .
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